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PREFACE. 


In  compiling  the  descriptive  portions  of  this  work,  I  have  chiefly 
used  Graham -Otto's  Lehrhiich  der  Allgemeinen  CAemfe(last  edition)  and 
Ladenburg's  Handworterbuch  der  Chemie,  although,  wherever  any  of 
the  facts  which  it  was  necessary  to  incorporate  seemed  doubtful,  I  have 
consulted  the  original  sources  in  the  chemical  .periodicals;  of  course,  the 
discoveries  which  have  been  brought  forth  in  the  last  few  years,  I  have 
taken  entirely  from  the  latter.  In  the  discussion  of  the  double  halides, 
of  fluosilicic  acid  and  of  similarly  constituted  bodies,  I  have  adopted 
the  views  which  have  recently  been  brought  into  prominence  by  the 
publications  of  Prof.  Ira  Remsen,  both  in  his  larger  text  book  and 
in  his  contributions  to  current  chemical  literature;  the  same  may 
be  said  in  regard  to  the  polysulphides,  although  I  believe  that  the  struc- 
tural formulae  assigned  to  the  latter  bodies  are  based  upon  slight  ex- 
perimental evidence.  In  my  views  upon  the  subject  of  valence  and 
in  the  use  of  structural  formulae,  I  may,  possibly,  be  regarded  as  being 
too  conservative  by  many  of  my  colleagues  but  I  have  been  led  to 
adopt  the  views  which  I  hold  by  the  growing  conviction  that  the  too 
dogmatic  use  of  supposed  laws  of  valence  and  of  constitutional  formulae, 
founded  upon  very  incomplete  experimental  evidence,  is  causing  more 
harm  than  good  to  the  advancement  of  chemical  science.  In  discussing 
chemical  changes  and  reactions,  I  have  endeavored  not  to  present  the 
various  topics  as  a  series  of  isolated  facts,  but  as  being  connected,  the 
one  with  the  other,  so  that  there  is  scarcely  any  one  of  the  numerous 
phenomena  which  are  mentioned  in  this  work  which  does  not  find  its 
analogon  in  some  other  portion  of  the  field  of  chemical  study.  I  have 
attempted,  especially,  to  call  attention  to  the  influence  exerted  by  the 
nature  of  the  elements  which  make  up  a  chemical  compound  upon  the 
character  of  that  compound  itself,  and,  in  tracing  those  connections,  I 
may,  possibly,  have  been  led  somewhat  into  the  realm  of  speculation, 
notably  so,  perhaps,  in  my  endeavor  to  explain  the  behavior  of  the 
hydrogen  compounds  of  the  not-metals  by  taking  into  consideration  the 
relative  influence  exerted  by  the  masses  of  the  atoms  which  go  to  make 
the  molecules;  I  hope,  however,  that  the  new  arguments  I  have  ventured 
on  during  the  progress  of  this  work  will  not  be  condemned  without  a 
hearing.  Of  course,  a  very  complete  knowledge  of  descriptive  chemis- 
try, both  inorganic  and  organic,  is  necessary  before  the  study  of  so-called 
physical  chemistry  can  be  pursued  with  profit,  nevertheless,  wherever  it 
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has  seemed  to  me  tbat  some  elementary  facts  from  tbe  realm  of  phy- 
sical chemistry  would  be  comprehended  by  the  pupil  taking  up  begin- 
ning chemistry,  I  have  not  hesitated  to  introduce  the  latter,  while,  at  the 
same  time,  giving  the  references  to  the  best  of  the  smaller  text  books  on 
the  subject.  The  atomic  weights  which  I  have  used  are  taken  from 
the  table  recently  prepared  by  F.  W.  Clarke,  with  the  atomic  weight  of 
oxygen  (taken  as  the  standard)  placed  at  16. 

The  laboratory  notes  in  the  appendix  cover  only  the  ground  taken 
by  the  not-metals,  they  are  not  intended  as  a  laboratory  manual,  but 
mainly  as  a  guide  to  both  teacher  and  pupil  in  compiling  a  list  of  exper- 
iments. I  believe  that  every  teacher  prefers  using  his  own  methods  for 
laboratory  instruction  with,  of  course,  his  own  selection  of  the  work  to 
be  pursued;  in  my  own  laboratory  I  follow  a  manual  which  is  made  up 
of  brief  directions  accompanied  by  a  very  complete  set  of  questions 
and  all  of  the  latter  must  be  answered  by  the  pupils.  I  do  not  think, 
however,  that  pupils  should  be  left  in  the  laboratory  without  other  than 
a  printed  guide;  far  from  it,  I  like  to  see  the  instructor  always  present 
in  the  room  during  laboratory  hours,  guiding  and  assisting  his  pupils 

and,  not  infrequently,  working  with  them. 

PAUL  C.  FREER. 
Ann  Arbor,  Mich.,  September,  1892. 
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Page  67,  lltli  line  from  below,  for  Arogadro  read  Avogadro. 

Page  70,  10th  line  from  above,  for  70  K  read  170  K. 

Page  76,  10th  line  from  below,  after  hydrobromic  acid  gas,  add, 
from  gaseous  bromine. 

Page  83,  11th  line  from  below,  the  number  84  K  is  for  the  formation 
of  hydrobromic  acid  from  liquid  bromine. 

Page  94,  9th  line  from  above,  for  186  K  read  168  K. 

Page  190,  11th  line  from  below,  for  H  N  O3  read  2  H  N  O3. 
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CHAPTER  I. 


INTRODUCTORY. 
THE  COMPOSITION  OF  CHEMICAL  COMPOUNDS. 

A  fundamental  theory  of  modern  physical  science  is  based  on  the 
atomic  hypothesis,  for  by  it  many  changes  which  take  place  in  nature 
are  explained.  The  theory  that  matter  is  not  infinitely  divisible, 
but  that  upon  attempted  separation  into  smaller  parts  a  mass  not 
capable  of  further  subdivision  would  appear,  was  held  by  the  Greek 
and  Eoman  philosophers— by  Democritus,  Aristotle,  Epicurus  and 
Lucretius— and  has  been  transmitted  to  the  present  generation  with 
many  important  modifications.  The  idea,  for  we  could  scarcely 
dignify  by  the  name  of  theory  that  which  had  so  little  foundation 
in  experiment,  was  partially  lost  sight  of  during  the  dark  ages  of 
chemistry;  during  the  time  of  the  alchemists  when  the  sole  aim  of 
chemical  study  was  mercenary,  when  scepticism  on  the  one  hand  and 
popular  superstition  on  the  other  had  stifled  all  originality  of  thought 
and  coordination  of  theory  in  this  field  of  knowledge;  it  suffered  no 
better  fate  at  the  hands  of  those  who  succeeded  the  alchemists,  for 
they  were  men  who  used  their  small  knowledge  of  chemical  facts  for 
the  purpose  of  discovering  new  drugs  and  remedies;  it  only  could 
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expand  into  what  it  is,  when  chemistry  freed  from  the  bane  of  super- 
stition, began  to  be  followed  for  the  sole  purpose  of  increasing  human 
knowledge. 

We  trace  the  growth  of  a  science  of  chemistry  from  the  beginning 
of  the  eighteenth  century,  for  then  chenlists  began  to  have  theories 
founded  on  experiment,  undoubtedly  often  false  and  misleading,  but 
nevertheless  of  such  a  nature  that  scientific  progress  was  inevitable 
from  the  attempt  to  answer  the  problems  arising.  In  this  century 
fell  many  of  the  greatest  discoveries  of  modern  chemical  science; 
notably  the  proof  of  the  existence  of  more  than  one  variety  of  gas;  of 
the  formation  of  the  atmosphere  from  two  kinds  of  matter,  oxygen 
and  nitrogen;  that  water  can  be  formed  by  the  union  of  oxygen  and 
hydrogen;  while  substances  in  burning  absorb  a  constituent  of  the 
atmosphere,  and  in  so  doing  gain  in  weight,  the  gain  in  weight  of 
the  burning  substance  being  exactly  equal  to  the  loss  in  weight  sus- 
tained by  the  atmosphere.  To  the  knowledge  so  gained  we  owe  our 
understanding  of  a  principle  of  nature  upon  which  all  chemical  specu- 
lations are  based;  that  of  the  conservation  of  matter.  The  English 
chemists  Black,  Priestley  and  Cavendish  were  the  men  whose  efforts 
developed  so  many  new  facts;  but  it  was  by  the  clear  insight  of  the 
Frenchman  Lavoisier  into  the  meaning  of  these  discoveries,  that  a 
greater  service  was  rendered  to  humanity  in  giving  a  proper  explana- 
tion of  the  phenomena  involved.  Without  the  discovery  of  oxygen  by 
Priestley,  or  of  the  composition  of  water  by  Cavendish,  Lavoisier 
might  not  have  proved  the  law  of  the  conservation  of  matter  nor  have 
established  the  theory  of  combustion  held  at  the  present  time;  but 
it  is  equally  true  that  without  Lavoisier's  genius  the  work  of  the 
English  scientists  would  not  have  accomplished  the  result  of  prepar- 
ing chemistry  for  the  unprecedented  advance  recorded  of  it  in  the 
nineteenth  century.  During  the  time  of  these  great  discoveries  the 
atomic  theory,  though  tacidly  accepted,  was  not  made  the  basis  of 
investigation;  but  when  the  present  century  dawned  chemists  began 
to  feel  the  need  of  some  rational  explanation  of  those  phenomena 
which  most  concerned  them. 

The  first  decade  brought  the  discovery  that  when  two  subtances 
unite  ch3mically  a  compound  was  always  formed  in  unvarying  pro- 
portions by  weight.  Thus  iron  and  sulphur  unite  to  form  iron  sulphide 
in  which  we  have  for  every  four  parts  of  sulphur  seven  parts  by 
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weight  of  iron,  no  matter  where  or  how  the  combination  takes  place; 
furthermore,  there  is  another  compound  of  iron  and  sulphur  in 
which  for  seven  parts  by  weight  of  iron  we  have  eight  of  sulphur. 
Under  whatever  conditions  or  in  whatever  place  either  of  these 
sulphides  are  formed,  the  resulting  proportions  are  always  the 
same.  If  there  is  more  sulphur  present  than  is  necessary  for 
combination,  then  the  excess  of  sulphur  remains  unchanged,  but 
if  more  iron  is  employed,  then  iron  is  found  after  the  union. 
We  have  two  compounds  of  carbon  and  oxygen  called  oxides,  for 
reasons  similar  to  those  which  gave  the  name  of  sulphides  to  the 
compounds  of  iron  and  sulphur.  In  one  of  these,  six  parts  by 
weight  of  carbon  are  united  with  eight  parts  of  oxygen,  in  the  other 
six  parts  of  carbon  are  united  with  sixteen  parts  of  oxygen.  What 
was  true  as  regards  iron,  carbon,  oxygen  and  sulphur  characterized 
the  multitude  of  other  substances  which  were  then  studied  with  the 
object  of  ascertaining  the  relative  proportions  by  weight  in  which 
the  constituent  parts  were  united.  To  these  discoveries  was  added 
the  demonstration  that  the  relative  proportions  of  sulphur  and 
oxygen,  for  instance,  were  preserved  in  whatever  compound  they 
were  encountered.  Thus  sulphur  and  oxygen  form  two  compounds, 
called  oxides  of  sulphur,  in  onf3  of  which  four  parts  by  weight  of 
sulphur  unite  with  four  of  oxygen,  in  the  other  four  of  sulphur 
with  six  of  oxygen.  The  relationship  in  the  weights  of  oxygen  and 
sulphur  in  the  various  compounds  cited  becomes  apparent  if  we 
calculate  the  weights  placing  sulphur  at  16,  while  preserving  the 
proportion  between  the  various  parts,  thus: — 

Iron  and  sulphur 28  parts  of   iron    unite  with  16  of  sulphur. 

ii  ti        t(     ^2  <<        << 


<<       t<  "       28  " 

Carbon  and  oxygen 6  ** 

"  (<  H  ^        ^  Q  (t 

Sulphur  And  oxygen 16  " 

it  tt  ti  26  ^* 


carbon    "  "  8  '*  oxygen. 

tt         tt  tt  26  **  *' 
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tt         tt  ti  24  <<  << 


These  relations  represent  actual .  facts  whatever  explanation  we 
may  see  fit  to  attach  to  them ;  but  such  facts  as  these  necessarily 
give  rise  to  speculations  as  to  the  underlying  causes.  Why  should  it 
not  be  possible  to  have  28  parts  of  iron  united  at  one  time  with  16 
parts  of  sulphur,  at  another  with  17  parts,  at  yet  another  with  15 
parts?     As  chemists  could  see  no  reason  for  such  regularity  in  the 


4  A  TEXT -BOOK  OK 

composition  of  matter  the  facts  themselves  were  at  first  disputed, 
until  repeated  experiment  rendered  them  incontrovertible.  Assum- 
ing the  constancy  of  proportion  in  chemical  compounds,  even  before 
such  constancy  was  proved,  the  English  chemist  John  Dal  ton, 
sought  an  explanation  in  the  following  hypothesis,  which  has  been 
accepted  as  a  basis  for  chemical  speculation  ever  since  its  estab- 
lishment and  which  is  here  given  in  the  form  at  present  ac- 
cepted. 

Matter  is  not  divisible  ac?  infinitum,  but  is  composed  of  very  small 
and  discrete  entities  called  atoms,  there  being  as  many  different 
kinds  of  these  as  there  are  varieties  of  substance  which  have  never 
been  decomposed  into  two  or  more  forms  with  differing  properties. 
The  elements  having  weight,  the  atoms  being  portions  thereof 
necessarily  also  have  weight;  and  we  assume  the  weight  of  an  atpm 
of  a  given  element  to  be  equal  to  that  of  each  other  atom  of  the 
same  element,  but  to  differ  from  that  of  an  atom  of  any  other  ele- 
ment. The  atoms  of  the  elements  unite  to  form  the  smallest  indi- 
vidual group  of  the  compound  should  they  differ  from  each 
other,  and  of  the  element  should  these  atoms  be  of  the  same  kind; 
these  groups  are  known  as  molecules,  the  agglomeration  of  which 
forms  tangible  matter.  The  weight  of  the  molecule,  known  as  the 
molecular  Aveight,  is  therefore  equal  to  the  sum  of  the  Aveights 
of  its  constituent  atoms.  If  I  mentally  subdivide  any  given 
compound  body,  water  for  instance,  I  can  continue  the  operation 
until  I  arrive  at  the  smallest  individual  particle  thereof,  a  molecule; 
if  I  divide  this  I  no  longer  have  water  but  two  different  kinds  of 
matter,  hydrogen  and  oxygen.  This  illustration  will  also  serve  to 
show  the  difference  between  a  so-called  chemical  and  a  physical 
change.  Water  can  be  decomposed  into  its  molecules  with  com- 
parative ease,  by  changing  it  to  steam,  these  are  so  far  separated  that 
they  travel  in  right  lines  independently  of  each  other.  3L  much 
greater  heat  than  was  necessary  for  the  production  of  steam  or  the 
application  of  some  other  form  of  energy,  such  as  electricity,  is  neces- 
sary to  effect  any  further  change,  and  this  brings  with  it  the 
destruction  of  the  nature  of  the  substance.  Water  is  no  longer 
present,  but  in  its  place  we  have  two  different  kinds  of  matter, 
hydrogen  and  oxygen,  so  that  a  chemical  change  has  been  pro- 
duced. 

r 
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With  the  atomic  hypothesis  in  view  the  constant  composition  by 
weight  of  compound  substances  is  readily  explained.  For  instance 
a  molecule  of  iron  sulphide  is  composed  of  atoms  of  iron  and  sul- 
phur, q^ch  molecule  containing  the  same  number  of  atoms.  If  all 
atoms  of  iron  are  alike  in  weight  and  if  all  atoms  of  sulphur  bear 
the  same  relationship  to  each  other,  it  follows  that  every  molecule  of 
iron  sulphide  must  have  the  same  composition  as  every  other  mole- 
cule of  the  same  substance,  and  from  this  it  follows  that  tangible 
quantities  of  the  substance  must  have  the  same  proportional  com- . 
position  by  weight  as  the  molecules.  By  accepting  the  theory  as 
outlined  the  unvarying  composition  of  purely  chemical  compounds 
of  necessity  follows.  Of  course  two  or  more  substances  may  be 
mixed  in  any  proportion,  but  such  a  mixture  does  not  have  the  char- 
acteristics of  a  chemical  compound.  The  various  constituents  of 
such  a  mixture  can  be  separated  with  greater  or 'less  ease  by  simple 
mechanical  operations;  as  soon  as  a  chemical  compound  is  formed 
from  the  parts  of  any  mixture  a  substance  having  a  definitely  con- 
structed molecule  results.  We  saw  that  iron  and  sulphur  are  how- 
ever capable  of  forming  two  compounds  with  each  other.  In  these 
two  sulphides  the  relationship  by  weight  which  the  quantities  of  sul- 
phur bear  to  each  other  is  as  one  to  two,  and  it  has  been  proved  by 
repeated  and  painstaking  experiment  that  a  great  number  of  similar 
cases  exists  in  which  an  element  forms  two  or  more  distinct  compounds 
with  some  other  element;  in  comparing  such  compounds  the  quantities 
in  which  the  latter  unites  are  in  simple  ratio  to  each  other.  The 
results  of  these  discoveries  can  be  summed  up  as  follows  in  the  law 
of  multiple  proportions. 

**  If  two  elements,  a  and  h  unite  in  more  than  one  proportion, 
the  parts  by  weight  of  h  which  will  unite  with  a  definite  quantity  of 
a  will  be  in  simple  ratio  to  each  other. ' ' 

This  law  of  multiple  proportions  is  readily  explained  by  the  atomic 
hypothesis.  For  let  us  suppose,  using  the  two  sulphides  of  iron 
as  an  example,  that  the  one  composed  of  28  parts  of  iron  to  16  parts 
of  sulphur  has  a  molecule  constructed  of  one  atom  of  iron  and  one 
atom  of  sulphur.  In  order  to  change  this  molecule  into  one  contain- 
ing more  sulphur  the  only  possible  means  is  by  the  addition  of 
another  atom  of  sulphur.  But  as  the  atoms  of  sulphur  all  have 
the  same  weight,  it  follows  that  the  amount  of  sulphur  in  the  newly 
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formed  molecule  must  be  to  that  in  the  original  as  2:1.  We  might 
represent  the  change  graphically  as  follows,  using  the  black  circle 
to  represent  an  atom  of  iron,  the  white  one  sulphur. 

28  16  .16  16  28  16  .     ■ 

•  O  +  O        =       o«o 

Molecule  of  iron  sulphide  +  1  atom  of  sulphur  =  Molecule  No.  2  of  iron  sulphide. 

We  could  have  come  to  the  same  conclusions,  deducing  the  law 
of  multiple  proportions  as  a  necessary  consequence  of  the  atomic 
structure  of  matter  had  we  used  combinations  of  any  other  elements; 
for  the  law  is  universal  in  its  application.  What  is  true  of  the  indi- 
vidual molecule  must  also  be  true  of  tangible  matter. 

When  the  atomic  theory  as  outlined  had  become  a  part  of  the 
belief  of  the  greater  number  of  chemists,  the  endeavors  of  investi- 
gators were  in  the  direction  of  determining  the  weights  which  must 
be  assigned  to  the  various  atoms,  and  as  these  determinations 
involved  the  most  painstaking  and  difficult  manipulation  at  that 
time  required,  it  of  necessity  followed  that  wide  differences  of 
opinion,  only  disappearing  within  the  most  recent  times  were 
manifested;  indeed  absolute  certainty  is  not  even  now  attained  or 
attainable  as  regards  these  constants.  The  absolute  weights  of  the 
atoms,  being  extremely  small  fractions  of  a  milligramme,  were 
quantities  not  obtainable  with  any  degree  of  accuracy,  nor  was 
it  necessary  to  endeavor  to  make  such  determinations  the  rela- 
tive weights  answering  all  purposes  of  theory  or  investigation;  so 
that  the  fixing  of  the  latter  became  of  paramount  importance. 
The  selection  of  a  standard  by  which  all  other  weights  can  be  com- 
pared is  as  necessary  in  dealing  with  atoms  as  it  is  in  the  mensuration 
of  distance,  it  being  immaterial  what  standard  is  selected  provided 
all  of  the  weights  can  easily  and  accurately  be  compared  with  this. 
During  the  first  years  of  our  atomic  hypothesis  the  weight  of  the 
atom  of  hydrogen,  being  the  smallest  appertaining  to  any  element, 
was  selected  as  unity,  but  subsequently  this  practice  was  abandoned 
in  favor  of  oxygen,  the  weight  of  the  atom  of  which  was  placed 
at  one  hundred.  Hydrogen  once  more  resumed  its  original  position 
during  the  middle  of  the  century  and  until  recently  all  weights  of 
atoms,  technically  known  as  atomic  weights,  were  compared  with 
this.  If  we  call  to  our  aid  certain  theories  concerning  the  nature  of 
gases,  a  consideration  which  must  be  deferred  until  the  pupil  has 
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become  acquainted  with  a  larger  number  of  chemical  facts,  we  can 
place  the  ratio  between  the  atomic  weights  of  hydrogen  and  oxygen 
at  from  1:15.87  to  1:15.96,  numbers  which  very  nearly  coincide 
with  1:16.  Considerable  uncertainty  exists  as  to  the  accuracy  of 
this  ralio,  for  recent  investigation  has  altered  these  quantities 
repeatedly.  If  all  atomic  weights  are  referred  to  hydrogen  as  unity, 
a  recalculation  of  these  constants  is  necessary  whenever  investigation 
shows  the  accepted  ratio  to  be  untenable;  fur  these  quantities  have 
been  determined  for  the  greater  number  of  elements  directly  or 
indirectly  by  an  investigation  of  compounds  with  oxygen.  It  seems 
more  advisable,  therefore,  to  adopt  oxygen  as  a  standard  and,  so  as 
not  to  depart  too  far  from  numbers  rendered  familiar  by  accepted 
usage,  to  place  this  at  16.  By  this  means  the  atomic  weight  of 
hydrogen  becomes  1.007.  If  any  further  correction  in  the  ratio 
between  hydrogen  and  oxygen  becomes  necessary,  such  a  change  will 
involve  no  further  calculation.  The  methods  by  which  the  atomic 
weights  have  been  determined  are  not  a  subject  for  discussion  at  the 
present  time,  indeed,  the  great  majority  of  them  would  be  entirely 
out  of  place  in  an  elementary  treatise;  suffice  it  to  say  that  so  com- 
plete has  been  their  application  that  the  weights  which  are  placed 
in  the  following  table  are,  with  unimportant  exceptions,  accepted  as 
correct  by  all  chemists: 


NAME. 


Aluminium. 
Antimony  ... 

Arsenic 

Barium 

Beryllium... 

Bismuth 

Boron 

Bromine 

Cadmium... 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorine... 
Chromium  ... 

Cobalt 

Columbium 
Copper 


ATOMIC 

SYMBOL. 

WEIGHT. 

Al 

27. 

8b 

120. 

As 

75. 

Ba 

137. 

Be 

9. 

Bi 

208.9 

B 

11. 

Br 

79.95 

Cd 

112. 

Cs 

132.9 

Ca 

40. 

C 

12. 

Ce 

140.2 

Cl 

35.45 

Cr 

52.1 

Co 

59. 

Cb 

94. 

Cu 

63.4 

NAME. 


Didymium 

Erbmm 

Fluorine 

Gallium 

Germanium 

Gold 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Lanthanum 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum.... 


SYMBOL. 


ATOMIC 
WEIGHT. 


142.3 
166.3 

19. 

69. 

72.3 
197.3 

1.007 
113.7 
126.85 
193.1 

56. 
138.2 
206 . 95 
7.02 

24.3 

55. 
200. 

96. 
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NAME. 

SYMBOL. 

atomic 
weight. 

name. 

symbol. 

atomic 

WEIGHT. 

Nickel 

Ni 

N 

Os 

0 

Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Sm 

Sc 

Se 

Si 

Ag 
Na 

58.7 

14.03 
191.7 

16. 
106.6 

31. 
195. 

39.11 
103.5 

85.5 
101.6 
150. 

44. 

79. 

28.4 
107.92 

23.05 

Strontium 

8r 

8 

Ta 

Te 

Tb 

Tl 

Th 

Sn 

Ti 

W 

U 

V 

Yb 

Yt 

Zn 

Zr 

87.6 

Nitrogen 

Sulphur 

32.06 

Osmium 

Tantalum 

182.6 

Oxygen 

Tellurium 

Terbfum 

125. 

Palladium 

159,5 

Phosphorus 

Thallium 

204.18 

Platinum 

Thorium 

232,6 

Potassium 

Tin 

119. 

Rhodium 

Titanium 

48. 

Rubidium 

Tunffsten 

184. 

Ruthenium 

Uranium 

239.6 

Samarium 

Scandium 

Vanadium 

Ytterbium 

51.4 
173. 

Selenium 

Yttrium 

89.1 

Silicon 

Zinc 

65.3 

Silver 

Zirconium 

90.6 

Sodium 

* 

The  ratio  of  hydrogen  to  oxygen  is  1:15.88,  The  term  glucinum  Is  frequently- 
used  instead  of  beryllium.    The  more  important  elements  are  in  large  type. 

We  are  acquainted  with  sixty-seven  different  kinds  of  matter^ 
none  of  which  have  ever  been  decomposed  into  two  or  more  simpler 
forms;  but,  whether  such  decomposition  will  ever  occur,  it  is  impossi- 
ble to  state.  By  the  union  of  these  elements  all  substances  known 
to  us  are  produced.  By  far  the  greater  proportion  of  matter,  being 
composed  of  molecules  containing  two  or  more  atoms  differing  from 
each  other  in  kind,  is  compound  in  its  nature.  The  individual 
atoms  do  not,  except  in  rare  instances,  exist  as  such;  they  are  united 
to  form  molecules,  the  difference  between  the  molecule  of  the  ele- 
ment and  that  of  the  compound  being  that  while  in  the  former  the 
atoms  are  all  of  the  same  kind,  in  the  latter  they  differ.  Atoms  are 
grouped  together  to  form  molecules  which  are  more  or  less  stable, 
and  this  stability  must  be  effected  by  some  force,  which  has  been 
compared  to  the  attraction  of  gravitation  and  has,  by  some,  been 
considered  identical  with  it,  acting  between  the  individual  atoms. 
The  attraction  of  gravitation,  however,  is  capable  of  manifestation 
between  bodies  at  a  great  distance  from  each  other,  while  the  num- 
ber of  bodies  acted  on,  in  this  manner,  by  any  given  body  is  unlim- 

•As  a  matter  of  expediency  the  pujpiil  should  memorize  the  atomic  weights  of  a 
few  of  the  more  important  elements.  The  acquirement  of  this  knowledge  is  best 
deferred  until  the  individual  elements  are  discussed,  when  the  weights  can  be 
learned  during  the  progress  of  the  study . 
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ited.  The  attraction  between  the  atoms  seems  capable  of  manifesta- 
tion only  through  an  extremely  small  interval  of  space,  and  then 
only  between  a  limited  number  of  atoms.  A  new  term  is  therefore 
necessary  to  designate  this  force  which  holds  the  atoms  in  position  in 
the  molecule,  and  for  want  of  better  ones  the  expressions  **  chemical 
affinity"  or  **chemism"  are  used.  Where  a  very  stable  compound  ex- 
ists, the  atoms  composing  it  are  said  to  have  a  great  affinity  for  each 
other;  and  an  inquiry  into  the  relative  stability  of  chemical  com- 
pounds is  one  of  the  greatest  importance  and  consequently  will  fre- 
quently be  made  during  the  progress  of  the  work;  but  it  must  not  be 
forgotten  that  the  term  ** -chemical  affinity''  is  used  simply  to  desig- 
nate a  force  which  has  never  been  resolved  into  simpler  factors,  and 
of  the  nature  of  which  we  are  consequently  ignorant. 

A  substance  which  is  capable  of  performing  work  possesses 
energy,  and  the  atoms  possess  energy  because  they  are,  in  uniting, 
capable  of  performing  work  by  reason  of  their  chemical  affinity. 
Illustrations  of  this  performance  of  work  by  the  union  of  atoms  are 
to  be  seen  by  us  at  all  times;  thus  the  motions  of  machinery 
driven  by  steam  can  with  the  greatest  ease  be  traced  to  the  chemical 
union  of  the  oxygen  of  the  atmosphere  with  the  coal  under  the 
boilers  and  the  movements  of  animals  can  in  the  same  way  be 
shown  to  be  derived  from  the  chemical  energy  of  the  various  sub- 
stances which  form  the  nutriment  of  the  body.  The  energy  pos- 
sessed by  the  individual  atoms  can  be  likened  to  potential  energy 
^energy  of  position)  for  by  its  means  the  atoms  are  capable  of  per- 
forming work  just  as  is  a  stone  when  raised  above  the  level  of  the 
earth. 

The  measure  of  work  is  the  force  (P)  which  overcomes  resistance, 
into  the  distance  (S)  through  which  this  force  acts  (L  =  PS),  The 
amount  of  work  which  a  body  is  capable  of  performing  by  reason  of 
its  position  is  called  its  potential  energy.  If  the  work  (L)  of  the 
force  (P)  is  neutralized  by  a  negative  force  (P'),  L  is  not  lost  for  P 
can  perform  its  work  (jL)  as  soon  as  P'  ceases  to  act.  A  body  of 
the  weight  P  which  has  been  lifted  through  the  distance  S  has  an 
amount  of  potential  energy  equal  to  P/S,  for  as  soon  as  it  is  dropped 
it  can  perform  the  work  P  S.  The  energy  possessed  by  the  atoms  is 
to  us  different  from  potential  energy  because  it  has  never  been 
resolved  into  the  factors  P  S,    The  amount  of  work  which  a  body  in 


10  A  TEXT-BOOK  OF 

motion  is  capable  of  performing  by  reason  of  that  niotion  is  called 
its  kinetic  energy  (energy  of  motion).  This  is  equal  to  one-half  the 
product  of  the  mass  of  the  body  and  the  square  of  its  velocity 

{L  =  — ^ — ).     If  a  part  of  the  potential  energy  possessed  by  a  body 

has  been  used  and  thereby  a  certain  amount  of  kinetic  energy  has 
been  produced,  then  the  sum  of  the  remaining  potential  energy  and 
of  the  produced  kinetic  energy  is  equal  to  the  original  amount  of 
potential  energy;  or,  what  is  the  same  thing,  equal  to  the  kinetic 
energy  which  would  have  been  produced  if  the  entire  store  of  poten- 
tial energy  had  been  used  to  perform  work.  If  the  stone,  which  we 
had  supposed  to  be  suspended,  had  been  allowed  to  fall  to  the  ground, 
the  entire  contents  of  potential  energy  would  have  been  changed  to 
heat,  which  is  a  form  of  kinetic  energy.  These  few  remarks  illus- 
trate the  principle  of  conservation  of  energy  which  was  defined  by 
Mayer  in  1842.  What  is  true  of  the  stone  is  also  true  of  the  atoms, 
for  their  potential  energy,  or  better  chemical  energy,  a  term  which 
will  involve  us  in  no  contradictions,  can  be  transformed  into  kinetic 
energy  upon  their  union  to  form  a  compound.  While  we  cannot 
measure  the  amount  of  chemical  energy  possessed  by  the  atoms, 
we  are  able  to  measure  the  kinetic  energy  which  is  produced  when 
they  unite  by  reason  of  their  chemical  affinity,  for  by  far  the 
greatest  amount  is  manifested  as  heat.  If  the  stone,  which  we 
have  used  as  an  illustration,  falls  through  a  certain  distance  its 
potential  energy  is  converted  into  kinetic  energy  and  to  once  more 
raise  this  stone  to  its  original  position  will  require  an  equivalent 
expenditure  of  work.  Just  so  with  the  atoms.  If  two  atoms  have 
a  great  chemical  affinity  for  each  other  they  possess  a  great  amount 
of  chemical  energy  which  will  be  converted  into  an  equally  great 
amount  of  kinetic  energy  when  they  unite,  and  in  order  to  separate 
the  molecule  so  formed  into  the  original  atoms  we  will  have  to  apply 
the  same  amount  of  energy  in  some  form;  the  molecule  is  as  a 
consequence  stable  and  possesses  an  amount  of  chemical  energy 
much  smaller  than  that  of  its  constituent  atoms.  On  the  other  hand 
two  or  more  atoms  may  possess  very  little  chemical  affinity  for  each 
other,  so  little  indeed,  that  an  expenditure  of  energy  is  necessary 
to  cause  them  to  unite,  therefore  the  molecule  caused  by  such  a 
union  will  have  a  tendency  to  readily  convert  its  acquired  chemical 
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energy  into  some  form  of  kinetic  energy,  and  will  be  unstable. 
Molecules  which  have  been  formed  with  an  evolution  of  heat,  and 
which  therefore  possess  less  energy  than  their  constituent  atoms,  are 
said  to  be  the  product  of  an  exothermic  reaction;  while  those  which 
have  resulted  from  an  absorption  of  heat  are  the  result  of  an  endo- 
thermic  one.  The  heat  given  off  or  absorbed  in  these  changes  has 
in  many  cases  been  measured  and  is  taken  as  an  indication  of  the 
chemical  affinity  of  the  atoms.  The  elements  show  great  variations 
in  this  respect,  some  have  a  great  chemical  affinity  for  each  other 
and  thus  form  stable  compounds,  others  have  very  little,  while  some 
have  none  at  all,  in  which  case  no  expenditure  of  energy  will  cause 
them  to  unite.  We  must  bear  in  mind  that  any  given  element 
varies  much  in  its  affinity  toward  the  various  other  elements,  and 
also  that  what  we  have  explained  as  regards  compounds  formed 
between  individual  atoms  is  true  as  regards  compounds  formed 
from  two  or  more  molecules.  The  various  phases  of  chemical 
reaction  which  we  shall  study  will  give  us  abundant  opportunity  of 
returning  to  this  subject. 

The  elements  are  divided  into  two  classes,  the  most  marked  rep- 
resentatives of  each  of  which  exhibit  the  sharpest  possible  chemical 
contrast  toward  the  other;  one  of  these  classes  is  familiar  to  all  of 
us,  it  is  that  of  the  metals,  with  the  superficial  qualities  of  which, 
such  as  metallic  lustre,  malleability  and  ductility,  we  are  tolerably 
well  acquainted,  while  in  addition  to  these  properties  metals  are 
also  as  a  rule  good  conductors  of  heat  and  of  electricity.  At  the 
opposite  chemical  extreme  we  find  a  class  of  elements  which  can  best 
be  described  as  not-metals.  A  few  of  these  are  gases  and  thereby 
they  differ  from  the  metals,  only  one  of  which,  hydrogen,  exists  in 
this  state  at  ordinary  temperatures.  The  not-metals,  where  solid,  are 
colored  bodies  which  are  brittle,  neither  malleable  or  ductile,  and 
either  non-conductors  of  electricity  and  poor  conductors  of  heat,  or  at 
least  they  possess  these  two  properties  in  a  degree  much  inferior  to  the 
metals.  A  number  of  not-metals  on  superficial  examination  will  ap- 
pear to  have  metallic  lustre,  yet  a  closer  inspection  reveals  the  fact 
that  this  is  only  apparently  the  case,  for  in  forming  a  section  of  the 
element  we  find  the  same  to  be  capable  of  transmitting  light  even 
through  some  considerable  thickness.  Between  the  two  extremes  we 
have  a  considerable  number  of  elements  which  may  have  the  charac- 
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teristics  of  both  metal  and  not-metal,  such  as  arsenic  and  tellurium 
which,while  possessing  a  distinctly  metallic  appearance,  have  chemical 
characteristics  which  would  cause  them  to  be  more  properly  classed  as 
not-metallic  substances.  The  most  pronounced  metallic  elements  have 
a  marked  chemical  affinity  for  the  characteristic  not-metals  and  form 
stable  compounds  therewith,  the  less  apparent  the  contrast  in  the 
elements  the  more  easily  decomposed  will  in  many  cases  the  com- 
pound resulting  from  the  union  of  such  elements  be,  yet  such  a 
statement  as  this  must  not  by  any  means  be  taken  as  a  general  rule; 
for  we  find  the  most  stable  compounds  resulting  from  the  union  of 
atoms  of  the  same  element,  as  in  the  molecules  of  chlorine  and 
hydrogen,  and  also  from  elements  which  closely  resemble  each  other, 
as  in  the  compounds  of  sulphur  and  oxygen.  If  a  compound  formed 
of  a  metal  and  a  not-metal  is  subjected  to  the  action  of  an  electric 
current  the  metal  will  separate  at  the  negative  pole,  the  not-metal 
at  the  positive  one,  and  for  this  reason  the  metals  are  called  electro- 
positive, while  the  not-metals  are  electro-negative.  This  rule  was 
formerly  supposed  to  be  universal  in  its  application  and  a  system  of 
chemistry  was  then  established  by  which  it  was  believed  that  all 
compounds  were  first  formed  by  the  union  of  a  negative  and  a  posi- 
tive element  to  form  a  molecule,  and  then  by  the  union  of  a  negative 
and  positive  molecule  to  form  a  more  complex  substance.  While 
the  negative  or  positive  character  of  the  elements  composing  a  com- 
pound is  undoubtedly  of  great  influence  upon  their  nature,  a 
system  founded  exclusively  on  these  characteristics  has  proved 
untenable;  convenience  however,  causes  us  to  retain  the  expressions 
**  negative  "  and  ''positive,"  the  term  negative  being  used  to  desig- 
nate all  of  the  properties  which  characterize  the  not-metal,  and  the 
term  positive  those  of  the  metal. 

There  are  certain,  chemical  characteristics  which  enable  us  to 
draw  the  line  between  metal  and  not- metal  with  tolerable  distinct- 
ness. The. metals  all  form  compounds  with  oxgen,  the  not-metals 
with  two  exceptions,  fluorine  and  bromine,  do  the  same,  these  com- 
pounds are  known  as  oxides.  The  oxides  of  the  metals  in  most  cases 
are  classed  as  bases,  a  term  which  is  also  applied  to  compounds  of  the 
metals  with  oxygen  and  hydrogen,  the  oxides  of  the  not-metals  are 
termed  the  anhydrides  of  acids,  where  on  addition  of  water  they  are 
capable  of  forming  acids.     The  contrast  between  metal  and  not-metal 
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becomes  apparent  when  these  oxides  interact  chemically,  for  a  new 
compound,  a  salt,  is  produced.  Thus  the  oxide  of  potassium,  a  base, 
when  brought  in  contact  with  the  oxide  of  sulphur,  an  anhydride 
known  as  sulphur  trioxide,  produces  a  salt,  the  sulphate  of  potas- 
sium. We  will  have  occasion  to  more  thoroughly  comprehend  the 
meaning  of  these  terms  as  we  become  more  acquainted  whith  chem- 
ical facts. 

The  writing  of  the  innumerable  chemical  changes  which  taKe 
place  would  be  complicated,  and  a  coordination  of  the  phenomena 
rendered  difficult  were  not  some  system  of  notation  employed  by 
chemists  which  would  express  the  reactions  without  the  trouble  of 
writing  in  full  the  names  and  atomic  weights  of  the  various  elements. 
Feeling  this  need,  some  designation  of  the  elements  by  signs  has  since 
the  time  of  the  alchemists  been  employed.  The  system  introduced  by 
the  Swedish  chemist  Berzelius,  in  use  at  the  present  time,  is  the 
one  which  has  been  found  to  best  answer  all  requirements.  By  means 
of  this  the  various  elements  are  designated  by  the  first  letter  of  their 
english  or  latinized  name  in  capitals  or,  where  conflict  would  arise, 
by  the  first  letter  of  the  name  in  capitals  followed  by  some  other 
letter  usually  the  next  following,  in  small  type.  Thus  hydrogen 
has  the  symbol  H,  oxygen,  0,  sodium,  Na,  from  the  latinized 
natrium,  mercury,  Hg,  from  the  latin  hydrargyrum.  These  sym- 
bols do  not  stand  for  the  visible  elements  but  represent  the  atoms 
of  the  elements,  and  hence  include  the  idea  of  atomic  weights. 
Thus  0,  stands  for  an  atom  of  oxygen,  and  means  that  as  the 
atom  of  oxygen  is  sixteen  times  as  heavy  as  the  atom  of  hydrogen, 
we  have  sixteen  times  as  much  oxygen  by  weight  as  hydrogen  when 
the  latter  is  expressed  by  the  symbol  H,  By  writing  the  symbols 
side  by  side  we  express  a  chemical  compound,  as  for  instance  H^O, 
which  stands  for  the  chemical  compound  water,  the  number  two 
placed  after  and  below  the  letter  H,  meaning  that  in  water  there  are 
two  atoms  of  hydrogen,  the  whole  combination  meaning  that  in  H^O, 
we  have  two  atoms  of  hydrogen  united  to  one  of  oxygen  in  the 
ratio  of  2  to  16  by  weight,  H^O  being  called  the  formula  of  water 
and  the  sura  of  the  atomic  weights,  represented  by  18,  the  formula 
weight.  In  the  case  of  water,  and  in  the  case  of  many  other  sub- 
stances which  can  be  obtained  as  gases,  this  formula  weight  is  also 
the  weight  of  the  molecule,  and  is  hence  the  molecular  weight.     The 
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combination  NaGl  means  that  one  atom  of  sodium  is  united  to  one 
atom  of  chlorine  to  form  the  compound  sodium  chloride,  at  the  same 
time  it  indicates  that  twenty-three  parts  by  weight  of  sodium  are 
united  to  thirty -five  and  a  half  parts  of  chlorine,  these  numbers 
representing  the  atomic  weights  of  sodium  and  chlorine  respect- 
ively. Whether  NaGl  represents  the  molecular  weight  of  sodium 
chloride  we  cannot  state,  for  the  substance  may  be  composed  of 
molecules  formed  by  the  union  of  a  number  of  formula  weights 
NaCl,  however  it  is  extremely  probable  that,  if  such  be  the 
case,  the  molecule  of  sodium  chloride  is  produced  by  the  union 
of  a  number  of  entities  which  all  have  the  composition  NaCl, 
and  there  is  no  great  objection  against  using  the  terms  molecu- 
lar weight  and  formula  weight  interchangeably  in  the  majority  of 
cases. 

Our  present  knowledge  seems  to  show  that  the  total  amount 
of  matter  contained  in  the  universe  never  varies.  The  atoms 
composing  chemical  compounds  may  change  their  position  or 
manner  of  grouping,  they  may  be  transferred  from  one  compound  to 
another,  or  the  compound  may  be  decomposed  into  its  elements  but 
the  atoms  can  neither  be  created  or  destroyed.  The  entire  science  of 
chemistry  is  based  upon  this  law  of  the  indestructibility  of  matter 
which  was  first  understood  by  Lavoisier,  and  every  chemical  change 
since  his  time  has  but  served  to  prove  its  existence.  As  a  conse- 
quence the  compounds  produced  by  the  interaction  of  elements  must 
equal  in  weight  the  amounts  taken  before  the  reaction,  and  the  sum  of 
the  weights  of  the  elements  or  compounds  produced  by  the  decomposi- 
tion of  a  compound  substance  must  equal  the  weight  of  the  substance 
originally  employed.  Our  symbols  being  used*  to  express  weights  as 
well  as  other  characteristics  of  the  elements  it  follows  that  we  can 
bring  any  chemical  reaction  into  the  form  of  an  equation;  thus 
H -}- CI =HC1  means  that  hydrogen  plus  chlorine  yields  a  compound 
of  hydrogen  and  chlorine,  hydrochloric  acid,'  and  the  atomic  weight 
of  hydrogen  being  in  round  numbers  one,  it  also  means  that  1  part 
by  weight  of  hydrogen  plus  35.5  parts  by  weight  of  chlorine,  (the 
latter  number  being  the  atomic  weight  of  that  element,)  equal  36.5 
parts  by  weight  of  hydrochloric  acid. 

The  formula  HgO  =  Hg-}-0  indicates  that  the  oxide  of  mecury 
is  decomposed  into  mercury  and  oxygen  and  that  the  weight  of  the 
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oxide  of  mercury  is  equal  to  the  sum  of  the  weights  of  oxygen  and 

mercury  produced. 

C,  0,  H2=CO,+CO+H20 

means  that  a  compound  of  carbon,  hydrogen  and  oxygen  (oxalic 
acid)  can  be  decomposed  into  COg  (carbon  dioxide), CO  (carbon  mon- 
oxide) and  HgO  (water),  and  that  the  weight  of  the  oxalic  acid  taken 
is  equal  to  the  sum  of  the  weights  of  CO2,  CO  and  HgO  produced. 
The  atomic  weights  of  carbon,  oxygen  and  hydrogen  are  12,  16  and 
1  respectively,  hence  (2x  12)+(4x  16)+2=90  parts  by  weight  of 
oxalic  acid  yield,  44+ 28-}- 18 =90  parts  by  weight  of  COg,  CO  and 
H^O.  ■ 

Some  doubt  will  arise  in  the  beginner's  mind  as  to  the  legitimacy 
of  the  numbers  used  as  atomic  weights;  he  will  naturally  ask,  why 
is  the  atomic  weight  of  carbon  12  and  not  6?  Why  for  instance, 
should  we  suppose  the  formula  of  carbon  dioxide  to  be  COg  and  not 
C2O2?  These  very  doubts  were  entertained  by  chemists  during  the 
first  six  decades  of  the  century,  and  only  by  painstaking  investiga- 
tion with  the  aid  of  a  number  of  physical  laws  have  they  been 
removed.  At  the  present  period  of  our  atudy  we  must  accept  the 
atomic  weights  as  they  are  given,  a  discussion  of  the  various  reasons 
for  this  acceptance  would  be  far  beyond  the  scope  of  an  elementary 
treatise;  but  such  as  can  properly  bo  produced  will  be  introduced  at 
a  subsequent  time.  Chemists,  as  a  rule,  are  skeptical  to  a  degree, 
and  the  fact  that  our  present  atomic  weights  are  believed  in  by  the 
great  majority  must  be  a  sufficient  guarantee  for  their  accuracy. 
The  pupil  must  remember  that  chemical  symbols  stand  for  material 
substances,  he  must  not  be  led  to  consider  the  element  nitrogen  for 
instance,  as  being  simply  the  symbol  iV,  nor  potassium,  the  symbol 
K,  but  should  always  bear  in  mind  that  these  letters  stand  for  exist- 
ing elements  endowed  with  various  properties,  which  would  remain 
even  if  no  system  of  chemical  notation  had  ever  been  established. 

The  elements  are  by  ho  means  substances  any  one  of  which 
differs  from  all  others;  indeed,  no  one  element  exists  which  does 
not  exhibit  characteristics  which  mark  its  resemblance  to  a  number 
of  its  fellows.  Roughly  speaking  the  elements  are  divided  into 
metals  and  not-metals,  the  metals  all  bearing  a  certain  resemblance 
to  each  other,  and  the  not-metals  all  being  more  or  less  alike,  yet 
both  metals  and  not-metals  are  naturally  divided  into  groups  the  indi- 
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vidual  members  of  which  all  have  a  strong  family  likeness,  while 
these  various  groups  also  have  a  number  of  points  in  common;  and  we 
shall  see  that  by  arranging  the  elements  in  the  order  of  their  atomic 
weights,  beginning  with  that  having  the  smallest  number,  this  resem- 
blance will  become  most  apparent.  By  constructing  a  table  of  the 
elements  arranged  in  this  manner  we  have  produced  a  system  of  class- 
ification a  careful  study  of  which  has  shown  us  that  the  characteristics 
of  any  element  are  determined  by  the  atomic  weight  of  that  element; 
so  that  if  we  are  thoroughly  familiar  with  this  arrangement  we  can 
without  any  previous  knowledge  of  its  chemical  deportment  describe 
with  tolerable  accuracy  the  properties  of  an  element,  with  the 
atomic  weight  of  which  we  are  acquainted.  This  system  will  pro- 
vide the  order  in  which  the  various  elements  will  be  discussed. 

Having  by  this  brief  introduction  learned  some  of  the  funda- 
mental theories  upon  which  our  science  is  based,  we  will  now  go  on 
to  the  special  descriptive  portion  of  chemistry.  In  so  doing  we  will 
find  it  expedient  to  first  become  acquainted  with  a  typical  not-metal, 
then  with  a  metal,  and  immediately  following  with  the  compound 
produced  by  the  chemical  union  of  these  two  contrasting  elements. 
The  not-metal  will  be  oxygen,  the  metal,  hydrogen,  and  the  com- 
pound, water. 
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CHAPTER  n. 

OXYGEN. 
Symbol  0,  atomic  weight,  16,     Specific  gravity,  air  =  1,  ie  i. 20568, 

fl"  =  J,  w  25.88/ 1  e.e.  0  at  0°  and  .76m  pressure  .0014303 

gram. 

Oxygen  ia  the  element  which  occura  in  greatest  quantity  upon 
our  planet;  it  forme  about  47.3  per  cent,  of  the  solid  portion  of 
the  earth,  S5.8  per  cent,  of  the  ocean  and,  including  its  occurence 
in  the  atmosphere,  about  50  per  cent  of  the  total  Bubstance  of  the 
globe.  In  the  atmosphere  it  is  found  as  uncombined  oxygen,  mixed 
with  nitrogen  and  a  few  other  gases,  furnishing  one-fifth  of  the 
entire  gaseous  envelope  of  the  earth.      It  is  found  united  with 


hydrogen  in  water,  forming  eight-nintha  of  that  substance;  by  far 
the  greater  portion  of  the  crystalline  rocka  contain  oxygen,  com- 
bined with  other  elements;  the  soil  and  the  various  forms  of  vege- 
table and  animal  life  contain  this  element  chemically  combined,  and 
also  to  some  extent  as  free  oxygen. 

Oxygen  was  isolated  on  August  Ist,  1774,  by  an  English 
chemist,  Joseph  Priestley,  who  prepared  it  by  heating  "  red  precip- 
itate "  (red  oxide  of  mercury),  placing  this  aubstance  in  the  focus 
of   a  burning  glass   exposed  to   the  sun's  rays.     He   termed  the 
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gaa  deplogisticated  air,  beeuoBfr.  aecordme  to  the  theeiy  tbea  held, 
a  snbstftDce,  Id  burning,  g^eve-  off  an  iiTpochecicfli  principie.  caQed 
phlogiston,  subsequent ir  thought  to  he-  idendcaL  with  hydrogen. 
As  oxygen  was  capable  oi  supporting  ooflEibuBdon.  In  £k  very  ea^- 
getie  mffifmer,  it  was  supposed  that  the  element  must  necessttrilv 
be  able  to  take  the  phlogiston  from  the  burning  sobetance,  and  from 
this  property  the  gas  received  its  lirst  name. 

The  methods  of  its  preparation  are  as  fellows: — 

Red  oxide  of  mercurv  is  heated  in  a  hard  jjasfr  tidie^.  when  it 
breaks  down  into  mercurv  and  i^xvioti^  The  fQinuil&  of  tiiis 
oxide  is  HgO,  which  means  that  in  ane  formula  weight  of  mercuric 
oxide  there  are  united  one  atom  of  mercury  and  «>ne  of  oxygen. 
The  reaction  is  represented  as  toUows: — He*^  ^  Hg  -i-  O.  The 
atomic  weight  of  mercury  is  200 »  that  of  oxyr^n  LH:  hence  the 
equation  indicates  that  216  parts  by  weight  of  the  oxide  of  mer- 
cury yield  200  parts  of  mercury  and  I^  parts  of  oxygen  npon 
heating. 

Black  oxide  of  manganese  (  manganese  «lioxide.  r  iir  heated  in  an 
iron  tube,  the  oxygen  so  prepareti  being  colIecte<l  over  water.' 

The  reaction  is  as  follows: 

3  MnO^  =  Mn3  O^  -[-  2  O;  the  substance  torme*!  i&  an  oxide  of 
manganese  containing  less  oxygen  than  Mii(^..  A;?  one  formola 
wfjight  of  MD3O4  contains  three  atoms  of  manganese,  it  follows  that, 
in  writing  the  equation,  three  times  one  formula  weight  of  MnO, 
mui^t  be  used,  and  this  is  indicated  by  placing  the  ooetficient  3  before 
the  formula  MnO^.  As  the  atomic  weight  of  manganese  is  55,  it 
followw  that  261  parts  by  weight  of  manganese  dioxide  yield  229 
pnrtn  of  MrF/)4  and  32  parts  of  oxygen.  From  the  examples  cited, 
fhe  rnennifig  <ft  chemical  equations  will  be  sufficiently  understood  so 
ihni  Mie  student,  by  consultation  of  the  table  of  atomic  weights,  will 
be  rtlile  to  determine  the  relations  by  weight  in  all  others.  We  will 
therefore,  In  the  future,  be  contented  with  writing  equations  without 
Ifnlleittlii^  the  <jtuui titles  of  the  substances  reacting. 

Nell  her  of  the  niethods  which  have  been  given  are  of  great 
jtrMellenl  use  In  the  preparation  of  oxygen.  Better  results  are 
nbinltied  by  healing  ehlorate  of  potassium,  a  white  crystalline  sub- 
si  atu'e  sonu'What  reseniblltig  eomiucm  solt,*  in  a  flask  connected  with 
a  rlellverv  \\\\n\  as  in  Fig.  2.     CUilorate  of  potassium  breaks  down 
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asfollowa:  KCl  0,  =  K  CI  +  3  0.*  (Chlorate  of  potassium  yields 
potassium  chloride  and  oxygen.)  The  most  approved  method 
of  preparing  oxygen  for  laboratory  use  is  by  heating  a  mixture 
of  chlorate  of  potassium  and  manganese  dioxide,  the  apparatus  used 
being  the  same  as  for  that  of  the  previous  experiment.'  By  this 
means  the  oxygen  passes  off  at  a  much  lower  temperature,  and  quite 
regularly.  The  part  which  the  manganese  dioxide  plays  in  the 
reaction  is  not  as  yet  definitely  understood,  for  it  remains  as  man- 
ganese dioxide  in 
the  final  result. 
It  is  not  improb- 
able that  the 
substance  takes 
up  oxygen  from 
the  chlorate  o  f 
potassium,  thus 
forming  an  ox- 
ide of  manganese 
containing  more 
oxygen  than  does 
MnOj  (a  so-call- 
ed higher  oxide,) 
which  then  read- 
ily breaks  down 
into  manganese 
dioxide  and  oxy- 
gen, the  black 
oxide  of  manga- 
nese thus  acting  as  a  conveyer  of  oxygen.  Substances  which  act  in 
this  manner,  their  influence  not  being  clearly  understood,  are  said  to 
act  by  catalysis.  All  of  the  reactions  cited  have  one  thing  in  com- 
moo;  the  substances  decomposed  contained  oxygen  which  was  driven 
off  by  heat,  there  remaining  either  elements  or  compounds  containing 
less  oxygen  than  the  original  material.  As  energy  was  added  to 
effect  the    separation,    the    substances   produced   contain   a  greater 

•  The  reacllon  as  represunted  gives  tlie  final  result  obtained  by  heating  chlo- 
rate ot  potassium.  There  Is  an  Inlorcaedlttry  product  formed  (or  which  see  chloric 
acid.  The  pupU  should  by  meao^  of  tbe  table  of  atomic  weights  determine  the  rela- 
tlousblps  by  weight  Id  this  aud  In  a  large  number  ot  subsequent  eiiuatlotis. 
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amount  of  chemical  energy  than  those  employed,  while  all  of  these 
reactions  belong  to  those  classed  as  chemical  analyses. 

Oxygen  is  a  colorless,  odorless  and  tasteless  gas,  which  is  con- 
verted to  a  liquid  by  a  pressure  of  50  atmospheres  at  a  temperature 
of  — 118°.  A  certain  temperature  exists,  constant  for  any  given 
gas  but  varying  with  different  gases,  above  which  they  cannot  be 
liquified  by  any  pressure.  This  temperature  is  called  the  critical 
temperature,  for  oxygen  it  is  at  — 118°.  Liquid  oxygen  boils  at  — 181° 
at  740  mm.  pressure.  Oxygen  is  but  slightly  soluble  in  water,  100 
volumes  of  that  liquid  dissolving  4.1  volumes  of  oxygen  at  5°.* 
Small  as  this  amount  is,  it  is  sufficient  to  furnish  the  material 
required  by  fishes  for  their  physiological  functions,  and  this  solu- 
bility is  therefore  of  the  highest  importance;  water  containing  no 
oxygen  is  unable  to  support  marine  life. 

Oxygen  forms  chemical  compounds,  called  oxides,  with  all  other 
elements  excepting  fluorine  and  bromine,  and  it  will  combine  with 
the  latter  element  provided  some  positive  element  is  also  a  constitu- 
ent of  the  compound.  In  the  formation  of  many  of  the  oxides  a 
great  amount  of  heat  is  produced  so  that  the  substance,  whether  a 
burning  solid  or  a  vapor,  will  begin  to  glow  much  more  intensely  in 
oxygen  than  in  the  air.  That  this  is  the  case  may  be  proved  by 
placing  a  glowing  pine  chip  in  a  jar  of  oxygen,  when  the  wood  will 
at  once  burst  into  flame.  When  the  changes  which  take  place 
in  the  burning  in  oxygen  of  the  few  substances  which  we  have  space 
to  consider  are  studied,  it  should  be  remembered  that  phenomena 
similar  to  those  which  will  be  described  take  place  in  a  large  num- 
ber of  cases.  A  piece  of  phosphorus  ignited  and  placed  in  the  gas 
will  continue  to  burn  with  a  dazzling  white  light,*  forming  white 
fumes  of  the  oxide  of  phosphorus.  The  reaction  which  takes  place 
is  as  follows: 

2  P+S  O  =  Pj  Oq,  a  white  solid  substance,  phosphorus  pent- 
oxide,  is  produced;  this  is  readily  soluble  in  water,  and  when  so  dis- 
solved forms  phosphoric  acid.  Sulphur,  which  has  been  ignited 
will  bum  in  oxygen  with  great  energy  and  with  a  brilliant  blue 

•By  this  expression  Is  meant  that  100  liters  of  water  would  disolve  4.1  liters  of 
the  gas. 
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flame,  the  product  of  the  combustion  being  a  gas,  sulphur  dioxide, 
(SO2): 

S+2  0=8  O2. 

A  piece  of  glowing  carbon  becomes  brightly  incandescent  when 
placed  in  oxygen,  the  substance  burning  to  form  a  gaseous  com- 
pound, carbon  dioxide,  (C  O2): — 

C+2  0=C  O2. 

The  three  oxides  produced  by  the  above  reactions  are  oxides  of 
not-metals  and  hence  bear  the  characteristics  of  the  anhydrides  of 
acids.     (See  page  13). 

Even  substances,  such  as  iron,  which  we  do  not  ordinarily  con- 
sider as  combustible,  burn  readily  in  oxygen.  If  a  steel  watch 
spring  is  heated'  and  placed  in  a  jar  of  the  gas,  the  substance  will 
continue  to  burn,  sparks  of  the  oxide  of  iron  being  thrown  about 

the  jar. 

3Fe+4  0=Fe80,* 

From  these  few  examples  we  can  form  some  idea  of  the  readi- 
•ness  with  which  oxides  are  formed,  and  what  is  true  of  tbe  ele- 
ments referred  to,  also  hold  good  with  a  large  number  of  other  ones 
when  they  are  heated  in  oxygen  gas.  In  a  restricted  sense,  the  term 
combustion  refers  only  to  the  union  of  various  substances  with  oxy- 
gen, with  the  evolution  of  light  and  heat.  During  any  chemical 
process,  in  which  two  elements  directly  unite,  heat  is  liberated,  but 
if  the  union  of  a  body  with  oxygen  takes  place  slowly,  so  that  in 
any  given  interval  of  time  only  very  small  amounts  of  the  substances 
under  consideration  were  to  unite,  we  might  not  be  able  to  note  any, 
increase  of  temperature,  for  the  inconsiderable  quantity  of  heat 
given  off  in  this  period  is  conducted  away  by  the  surroundings.  The 
rusting  of  iron  consists  of  such  an  oxidation,  without  any  perceptible 
rise,  in  temperature,  it  is,  nevertheless,  just  as  much  a  form  of  com- 
bustion as  tbe  more  rapid  and  brilliant  one  referred  to  above.  It 
follows  that  combustion  may  be  either  slow  or  rapid.  A  sub- 
stance must  be  heated  to  a  certain  temperature  before  slow  can  be 
converted  into  rapid  combustion,  and  this  is  called  the  kindling  tem- 

*  The  oxide  Fes  O4,  occurring  as  the  mineral  magnetite,  is  the  oxide  of  iron 
always  formed  at  high  temperatures,  when  the  metal  is  heated  in  the  presence  of 
oxygen. 
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perature.  The  kindliug  temperature  varies  for  different  substances, 
but  is  the  same  for  any  given  substance,  and  if,  moreover,  the  burn- 
ing body  be  cooled  below  that  point.,  an  extinction  of  the  fire 
results.  We  have  daily  evidence  of  this  in  the  blowing  out  of 
lamp  flames,  which  simply  consists  in  cooling  the  gases  which  form 
the  flame  below  the  kindling  temperature;  while,  on  the  other  hand, 
the  application  of  a  lighted  match  to  a  gas  burner  only  serves  to 
heat  the  escapii^g  gases  to  their  kindling  temperature.  If  a  sub- 
stance is  undergoing  slow  combustion,  in  such  a  situation  that  the 
heat  given  off  cannot  be  readily  conducted  away,  the  temperature  of 
the  whole  will  gradually  rise  until  the  kindling  point  is  reached, 
and  in  this  manner  spontaneous  combustion  takes  placiB  in  heaps  of 
oiled  rags,  where  the  oil  is  being  slowly  oxidized  by  the  oxygen  in 
the  atmosphere.  Substances,  which  are  capable  of  oxidation,  possess 
a  certain  amount  of  chemical  energy  in  the  presence  of  oxygen  and, 
in  uniting,  this  energy  is  converted  into  heat;  but,  as  the  amount  of 
energy  in  any  given  body  must  be  constant  before  combustion,  no 
matter  whether  the  process  is  to  be  slow  or  rapid,  therefore,  provided 
the  products  of  combustion  do  not  vary,  it  follows  that  the  amount  of 
heat  liberated  must  be  the  same  in  either  case.  It  sometimes  occurs, 
however,  that  the  substances  formed  by  slow  combustion  may  be 
chemically  different  from  those  by  rapid,  when,  of  course,  the  amount 
of  heat  liberated  would  depend  upon  the  product  formed. 

It  would  be  erroneous  to  suppose  that  the  phenomena  of  combus- 
tion are  only  apparent  when  oxygen  is  taking  part  in  the  perform- 
ance, for,  as  the  process  of  direct  chemical  union  between  two  bodies 
is  always  accompanied  by  heat,  it  follows  that,  in  the  union  of  other 
elements  or  compounds,  this  may  be  so  great  that  the  substances  react- 
ing begin  to  glow  or  burst  into  flame.  Thus,  for  instance,  hydrogen 
can  burn  in  chlorine  just  as  readily  as  the  same  substance  burns  in 
oxygen,  so  that,  in  the  very  broadest  sense,  combustion  would  refer  to 
the  union  of  any  substances  with  the  evolution  of  heat.  This  very 
broadening  of  the  sense,  however,  would  rob  it  of  its  significance,  so 
that  the  term  combustion  might  perhaps  preferably  refer  only  to  the 
union  of  any  substance  with  oxygen  and  with  the  evolution  of  light 
and  heat,  while,  instead  of  slow  combustion,  the  term  slow  oxida- 
tion, or,  in  the  case  of  other  elements,  some  more  particular  term  would 
have  a  more  distinctive  meaning. 
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Two  elements  which  are  cabable  of  directly  uniting  must  posseae 
a  certain  amount  of  chemical  energy,  just  as  a  stone  raised  above 
the  ground  poasesaes  potential  energy,  and  the  chemical  energy  is 
converted  into  heat  on  union,  juat  as  the  potential  energy  of  the  stone 
was  changed  to  kinetic  on  falling.  Now,  after  the  stone  has  fallen, 
it  requires  just  as  much  energy  to  once  more  bring  it  back  to  its  origi- 
nal position  as  was  given  ofF  by  it  in  its  descent.  Juat  so  with  chemi- 
cal compounds.  In  order  to  decompose  them,  as  much  energy  must  be 
added  as  was  given  off  in  their  union.  Therefore,  in  decomposing  a 
body  formed  by  combustion  or  slow  oxidation,  just  as  much  heat,  or 
other  form  of  energy,  mflst  be  applied  as  was  given  off,  The  beat  of 
decomposition  being  thus  equal  to  the  heat  of  formation;  it  follows 
that  those  bodies  which  burn  energetically  in  oxygen,  with  the 
evolution  of  much  heat  and  light,  will  necessarily  f«rm  stable  oxides 
by  their  union. 

The  bodies  formed  by  the  union  of  oxygen  with  other  elements  are 
termed  oxides,  and  we  are  acquainted  with  the  oxides  of  all  elements 
excepting  those  of  fluorine  and  bromine.  The  greatest  diversity  of 
characteristics  exists  among  these  chemical  substances,  but  as  we 
have  seen  in  the  introduction,  they  can 
in  most  instances  be  classed  either  as 
bases  or  as  anhydrides  of  acids;  the  bases 
being  oxides  of  metals  which  will  exhibit 
the  same  contrast  toward  the  oxides  of 
not  metals,  called  anhydrides,  as  the 
metal  itself  does  toward  the  not-metal, 
with  the  sole  exception  that  this  contrast 
is  intensified  by  the  addition  of  oxygen 
to  the  not-metal  in  the  formation  of  the 
anhydride.     The  result  of  the  chemical  Fioupe  3. 

union  of  base  and  anhydride  is  a  salt,  usually  possesaing  somewhat 
indifferent  chemical  properties,  and  the  product  of  the  union  of 
metal  with  not-metal  not  infrequently  has  the  characteristics  of 
a  salt,  as  for  instance  common  salt,  or  sodium  chloride,  Na  CI. 
Examples  of  the  oxides  of  metals  which  are  bases,  are  Zn  0, 
zincTixide,  Na^  O,  sodium  oxide,  Mg  O,  magnesium  oxide;  exam- 
ples of  the  anhydrides  of  acids  are  S  Oj,  sulphur  trioxide,  Pj  O5, 
phosphorus  pentoxide,  and  C  O^ ,  carbon  dioxide,  and  the  production 


u  substances,  but  as  we 
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of  salts  from  the  union  of  these  two  contrasting  substances  can  be 
represented  as  follows : 

Zn  0+8  08=Zn  S  0„  Zinc  Sulphate. 

+     — 
3  Naa  O+P2  05=2  Nag  P  O^,  Sodium  phosphate. 

+        — 
MgO+C  02=Mg  C  Oa,  Magnesium  Carbonate; 

and  if  we  compare  these  reactions  with  the  formation  of  common 
salt  from  sodium  and  chlorine : — 

Na+ci=Na  CI,  Sodium  chloride, 

the  similarity  in  the  formation  of    salts  from  the  two  contrasting 
compounds,  and  from  two  contrasting  elements  is  quite  evident. 

There  are  in  addition  to  the  oxides  referred  to  above,  a  large 
number  which  are  neither  basic  nor  acidic.  To  this  class  belong  the 
oxides  known  as  hjperoxides,  of  which  manganese  dioxide  is  an 
example.  All  of  these  have  the  metallic  character  of  the  metal 
about  neutralized  by  the  not-metallic  oxygen,  so  that  where  they  are 
capable  of  taking  up  more  oxygen,  upon  such  addition  the  result- 
ing compound  bears  the  characteristics  of  the  negative  anhydride 
of  an  acid,  and  when  they  lose  oxygen  to  form  a  lower  oxide  the 
resulting  substance  has  more  or  less  the  characteristics  of  the  ba^e. 
They  are  on  the  turning  point  from  base  to  anhydride,  and  all  of 
them  lose  a  part  of  their  oxygen  readily,  as  did  manganese  dioxide. 
A  number  of  the  oxides  of  the  not-metals  also  are  not  anhydrides 
of  acids  and  hence  do  not  unite  with  the  bases  to  form  salts.  All 
of  these  oxides  contain  but  little  oxygen,  as  for  example  CO,  carbon 
monoxide,  Nj  O  nitrous  oxide. 

Many  of  the  elements  are  capable  of  forming  a  number  of  oxides, 
nitrogen  can  even  form  five  of  these,  varying  in  character  with  the 
increase  of  oxygen.  A  number  of  metals  can  form  two  oxides,  both 
of  which  are  bases,  and  in  such  a  case  the  oxide  containing  the  lesser 
amount  of  oxygen  relatively  to  the  quantity  of  metal  is  designated 
by  the  suffix  ous  attached  to  the  name  of  the  metal,  the  one  contain- 
ing the  greater  by  ic,  thus  copper  forms  two  oxides,  Cuj  O,  cuprous 
oxide,  Cu  O,  cupric  oxide;  iron  has  the  same  property  so  that  the  two 
oxides  Fe  O  and  Fca  Oj  are  termed  ferrous  and  ferric  oxides  respec- 
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tively;  mercury  can  form  Hgj  O  and  Hg  O,  mercurous  and  mer- 
curic oxides;  and  the  salts  derived  by  the  union  of  these  oxides  with 
the  anhydrides  of  acids  are  designated  in  a  similar  manner;  as 
Fe  SO4,  ferrous  sulphate,  Fcj  (804)3,  ferric  sulphate,  so  that  the 
suffix  0U8  indicates,  where  attached  to  the  name  of  the  metallic 
element  in  a  salt,  that  this  salt  is  derived  from  an  oxide  with  less 
oxygen  than  some  other  oxide  of  the  same  element  which  can  also 
act  as  a  base. 
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CHAFPER  III. 


HYDROGEN. 

Symbol  H,  atomic  weight  1.007,  Specific  gravity,  air  =  1,  is  ,06909 
1  c.c,  H  weighs  ,0000895  grams  at  0°  and  ,76  meters  pressure. 

Free  hydrogen  is  found  only  in  small  quantities  in  nature, 
notably  in  the  gases  which  escape  from  petroleum  wells,  in  natural 
gas,  and  in  the  gaseous  exhalations  of  some  volcanoes.  It  is  said  to 
have  been  found  in  a  condensed  state  in  some  meteorites  and  it  is 
frequently  given  off  in  processes  of  fermentation  and  decay.  The 
element  is,  however,  contained  in  enormous  quantities  in  the  chro- 
mosphere of  the  sun,  the  protuberances  observed  during  eclipses 
consisting,  for  the  greater  part,  of  hydrogen;  the  temperature  of  the 
sun  being  so  high  that  chemical  union  is  impossible,  its  atmosphere 
consists  of  hydrogen,  which  is  subjected  to  intense  local  disturbances. 
The  fixed  stars,  Sirius  for  example,  also  contain  large  quantities  of 
uncombined  hydrogen,  but  the  total  amount  of  free  and  combined 
hydrogen  on  the  earth  is  only  about  1  per  cent,  of  the  entire  mass. 

Hydrogen  was  first  described  as  a  peculiar  form  of  air  by  Caven- 
dish in  1766,  although  it  had  previously  been  observed  by  Paracel- 
sus, who  obtained  it  by  the  action  of  dilute  acids  on  certain  metals, 
but  confused  it  with  other  combustible  gases.  By  Cavendish,  Priestley 
and  contemporaneous  chemists,  it  was  at  one  time  considered  as  pure 
phlogiston,  the  element  which  was  supposed  to  be  given  off  by  sub- 
stances in  burning.  Lavoisier  explained  the  composition  of  water  at 
a  later  date,  showing  it  to  be  an  oxide  of  hydrogen,  and  thus  proved 
that  the  element  was  a  substance  which  could  act  like  other  elements, 
and  was  not  phlogiston.  Lavoisier  gave  this  substance  the  name  of 
hydrogftne  (from  vdwp  water  and  the  root  y^v  to  produce)  as  water  is 
produced  by  burning  the  gas  in  air  or  oxygen. 

The  methods  of  preparation  of  the  element  are  as  follows: 

By  the  decomposition  of  water  by  means  of  the  electric  current, 
when  hydrogen  separates  at  the  negative  pole  and  oxygen  at  the  posi- 
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tive  (me.     The iapparatue  used^in  pfirfonttiDg  tbis:esperimenfcwill 
be  seen  in  Fig.  4..* t'    H,0  =  .2H+(X:     ,.      ■,1-:  i     . 

The  most  pronouncedly  metftlticetenieBtEi,  such  aB'Sodiiim'  and 
potassium,  have  such'  tt^great- affinity  £or  oxygtn  .thi^i  tbey>'«an 
expel  hydrogen  from  watgr  at  ordinary:  temperatiui-esj  forifftiHece 
of   sodium  the -size  of  a  large -pea  is'placed  iQ  waterys  violent 


reaction' takes  place  the  heat  evolve^  meltmg  the  sodium  floating 
on  the  surface  whilehvdr  gen  isgivenoff  If  the  water  is  thickenel 
by  starch  paste  eo  that  the  molten  metal  cannot  move  freely  on  the 

'  Pure  Water  is  a  non-conductor  of  electricity  or  at  least  very  nearly  a  non 
conductot',  andhenceailttlesulpburtcatld  must  be  added  to  tbewiter  before  pec- 
tormlng  ttte  experioppiit- 

t  It  will  be  noticed  that  lor  ea  b  cubl  centimeter  of  oji>  i^en  liberated  at  tbe 
positive  pole  we  have' c  i  of  hydrogen  tortnea  at  the  negatl  o 
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surface,  the  {lydrogen  will  be  heated  to  its  kiDdling  temperature  and 
take  fire.  Hydrogen  can  be  collected  by  this  method  by  placing 
the  sodium  in  a  wire  spoon-  under  the  surface  of  the  water  in  a  pneu- 
matic trough  and  inverting  a  test  tube  filled  with  water  over  the 
same,  bubbles  of  hydrogen  arise  and  soon  fill  the  tube.  The  method 
is  depicted  by  Fig.  6.*  The  water  in  which  the  sodium  has  been 
dissolved  has  a  soapy  feeling  and  an  alkaline  taste;  it  contains 
sodium  hydroxide. 

Na        +HOH  =  NaOH  +  H. 

Sodium  +  water  =  Sodium  hydroxide  +  hydrogen. 

A  reaction  of  this  kind  is  called  one  of  substitution,  for  the  sod- 
ium hydroxide  can  be  considered  as  water  in  which  one  atom  of 
the  metal  hydrogen  has  been  replaced  by  one  of  the  metal  sodium, 
and  similar  reactions  can  be  expected  where  metals  are  brought  in 
contact  with  a  compound  of  hydrogen  and  any  negative  element  or 
group  of  elements.  , 

Such  changes  result  with  other  elements,  the  metallic  properties 
of  which  are  as  pronounced  as  those  of  sodium;  for  instance,  potas- 
sium will  react  with  water  as  follows  :*° 

K  +HOH  =  KOH  +  H. 

Potassium  +  water  =  potassium  hydroxide  +  hydrogen. 

The  group  of  elements  OH,  where  it  is  united  with  some  element 
or  group  of  elements,  is  called  the  hydroxyle  group,  and  substances 
which  contain  this  are  called  hydroxides,  thus,  water,  HOH,  could 
be  called  hydrogen  iiydroxide,  and  by  replacing  the  hydrogen  with 
some  other  element,  such  as  sodium,  potassium,  calcium  or  mag- 
nesium, we  have  sodium,  potassium,  calcium  or  magnesium  hydrox- 
ide produced. 

NaOH,  Sodium  hydroxide,  Mg  (0H)2,  Magnesium  hydroxide. 

KOH,  Potassium  hydroxide,       Fe  (0H)2,  Ferrous  hydroxide. 
Ca(0H)2,  Calcium  iiydroxide.    Zn  (0H)2,  Zinc  hydroxide. 

These  hydroxides  vary  in  formula,  by  I'eason  of  the  fact  that 
different  metals  are  capable  of  uniting  with  different  numbers  of 
hydruxyle  groups.  In  the  examples  befoie  us  we  have  two  ele- 
ments, sodium  and  potassium,  which  unite  each  with  one  hydroxyle 
group;  two  eleraeuts,  calcium   and   magnesium,  which  unite  with 
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two,  and  we  can  cite  a  third  class  of  elements,  of  whicli  iron  and 
aluminium  are  representatives,  in  which  one  atom  of  the  metal  can 
unite  with  three  of  these  groups. 

Al  (0H)3,  Aluminium  hydroxide, 
Fe  (0H)3,  Ferric  hydroxide. 

The  hydroxides  of  the  metals  as  well  as  the  oxides  are  bases  and 
with  acids  they  yield  salts  and  water,  th  ey  therefore  present  the 
same  chemical  contrast  toward  anhydrides  of  acids  or  acids  as  did 
the  oxides,  thus: 

K2  O  +  SO3  =  K2  SO, 

Potassium  oxide  +  Sulphuric  anhydride  =  Potassium  sulphate. 

2  K  OH  +  SO3  =  K2  SO,  +  H2  O 

Potassium  hydroxide  +  Sulphuric  anhydride  =  Potassium  sulphate 
and  water. 

K2  O  +  H2  SO,  =  K,  SO,  +  H2  O 

Potassium  oxide  -f  Sulphuric  acid  =  Potassium  sulphate  +  water. 

2  K  OH  +H2  SO,  =  K2  SO,  +  2  H2  O 

Potassium  hydroxide  +  Sulphuric  acid  =  Potassium  sulphate  +  Water. 

The  acid  employed  in  the  last  two  reactions  is  however  nothing  but 
sulphuric  anhydride  plus  water,  SO3  +  HgO  =  Hg  SO,,  so  that  both 
the  oxide  and  hydroxide  of  potassium  with  either  the  anhydride  of 
sulphuric  acid  or  the  acid  itself  will  yield  a  salt,  potassium  sulphate, 
and  water;  except  in  the  case  of  the  oxide  of  potassium  and  sulphuric 
anhydride  when  the  salt  alone  is  formed.  What  is  true  of  potassium 
is  true  of  other  metals  as  well.  The  oxides  and  hydroxides  of  the 
metals  are  therefore  bases  where  with  acids  they  yield  salts  and  water; 
but  the  hydroxyle  group  is  not  confined  in  its  union  to  metals  alone, 
the  not- metals  likewise  are  capable  of  forming  hydroxides,  but  the 
hydroxides  of  not-metals  are  acids;  the  discussion  of  these  hydroxides 
is  however  better  deferred  until  the  pupil  becomes  acquainted  with 
a  greater  number  of  chemical  compounds. 

The  more  pronouncedly  metallic  in  its  nature  a  metal  is,  the  more 
readily  will  it  be  able  to  decompose  water,  liberating  hydrogen. 
Sodium,  potassium  or  calcium,  do  so  at  ordinary  temperatures;  mag- 
nesium does  so,  provided  the  water  is  boiling;  iron,  provided  the  metal 
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is  heated,  for  when  steam  is  passed  over  red  hot  iron,  hydrogen  is 
produced,  as  follows: 

3  Fe  +  4  H2O  =  Fes  O,  +  8  H. 

Not-metals  do  not  generate   hydrogen   from   water. 

A  better  method  for  preparing  hydrogen  for  laboratory  use  than 
by  the  action  of  metals  on  water  is  by  that  of  the  metals  on  acids, 
when  hydrogen  and  a  salt  are  formed,  thus: — 

Na  +  HCl  r=  NaCl  +  H;* 

but  as  action  of  sodium  on  hydrochloric  acid  is  not  practicably 
available  it  is  necessary  to  substitute  some  other  metal  such  as  zinc 
or  iron,  when  the  chloride  of  the  metal  and  hydrogen  is  formed, 
as  follows : 

Zn     +  2  H  CI  =  Zn  CI2  +  2  H 

Zinc  -\-  Hydrochloric  acid  =  Zinc  chloride  +  Hydrogen. 
Fe     +  2  H  CI  =  Fe  CI2  +  2  H 

Iron  +  Hydrochloric  acid    =  Ferrous  chloride  -{-  Hydrogen.t 

Instead  of  hydrochloric  acid,  dilute  sulphuric  acid  could  be  used, 

thus: 

Zu    +  H2  SO,  =  Zn  SO,  +  2  H 

Zinc  +  Sulphuric  acid  =  Zinc  sulphate  +  Hydrogen. 
Fe    +  H2  SO,  =  Fe  SO,  +  2  H 

Iron  +  Sulphuric  acid  =  Ferrous  sulphate  +  Hydrogen. 
The  reaction  between  sodium  or  potassium  and  water  does  not 
differ  in  principle  from  those  of  zinc  and  iron  on  hydrochloric   or 
sulphuric  acid,  for  in  either  case,  the  metallic  element  hydrogen, 
was  attached  to  a  negative  element  or  group  of  elements,  thus: — 

H  (OH), 

H,  (SO,) 

H  (CT) 

and  was  displaced  by  another  metal  which  possessed  greater  chemical 
energy  in   contrast  with   these  negative   groups.     This  is  true  of 

*Tliis  reaction  can  take  place  between  sodium  and  gaseous  H  Gl.  The  solution  of 
hydrochloric  acid,  which  is  the  ordinary  laboratory  preparation,.is  not  available  for  the 
purpose  for  the  action  is  too  violent. 

tOn  comparing  the  formulas  of  zinc  chloride  and  ferrous  chloride  with  those  of 
zinc  and  ferrous  hydroxides,  the  pupil  will  see  that  the  metal  combines  with  the  same 
number  of  chlorine  atoms  as  it  does  with  hydroxyle  groups. 
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gaa  flame  until  red  hot,  turning  out  the  flame  and  then  instantly 
turning  it  on  again.  The  platinum  occludes  the  gases  escaping 
.  from  the  burner,  and,  being  warm,  they  unite  with  the  oxygen 
of  the  atmosphere,  so  that  the  wire  glows  and  flnally  seta  fire 
to  the  gas.  Occluded  gases  are  frequently  used  in  chemical 
operations. 

Animals,  when  placed  in  an  atmosphere  of  hydrogen,  die  of 
asphyxia,  hydrogen  not  being  poisonous,  per  m,  as  ia  proved  by  the 
fact  that  animals  can  live  without  diacomfort  in  an  atmosphere  of 
hydrogen  to  which  has  been  added  a  sufficient  aupply  of  oxygen; 
neither  ia  hydrogen  able  to  support  combustion  in  the  ordinary  aense 
of  the  term,  a  burning  candle  becoming  extinguished  when  placed 
in  it.  In  order  to  be  com- 
bustible in  a  gas  a  body 
must  have  a  great  tend- 
ency to  unite  with  that 
gas;  necessarily  the  sub- 
stances which  are  ordi- 
narily considered  as  com- 
bustible Buch  aa  wood  or 
a  candle  cannot  bum  in  a 
hydrogen,  for  they  them- 
selves are  largely  composed  £: 
of  hydrogen.  Hydrogen 
burus  quite  readily  in  oxy-  Fioube  6. 

gen,  with  a  very  hot  flame,  and  vine  versa,  oxygen  will  bum  in 
hydrogen  with  the  production  of  an  equally  hot  flame;  in  both 
instances  water  is  produced.  (See  page  21),  Hydrogen  will  also 
burn  in  other  gases  for  which  it  has  a  great  affinity,  in  chlorine 
for  instance,  while  the  hydrogen  compounds  of  the  elements  in  which 
it  burns  will  be  produced. 

In  order  to  prove  the  formation  of  water  by  the  combustion  of 
hydrogen  in  the  air,  we  have  but  to  thoroughly  dry  the  gas  passing 
from  a  generator"  and  ignite  the  same  at  the  tip  of  a  burner" 
and  then  hold  a  cold  glass  jar  over  the  same.  Drops  of  water  soon 
collect  and  run  down  the  aidea  of  the  vessel  The  hydrogen  flame 
has  a  very  high  temperature  and  is  very  nearly  not-luminous,  but  it 
can  be  changed  to  a  luminous  one  by  dropping  a  little   powdered 
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coal  or  lycopodium  into  it,  for  not-luminous  flames  are  simpiy  glow- 
ing gases,  they  are  made  luminous  by  glowing  solids  within  them. 
Hydrogen,  like  other  substances,  burns  more  energetically  in  oxy- 
gen than  in  air,  so  that  the  temperature  of  a  flame  of  hydrogen 
burning  in  the  former  is  much  higher  than  that  of  the  same  gas  bum- 
ing  in  the  latter.  This  fact  is  taken  advantage  of  in  the  use  of  the 
oxyhydrogen  blow-pipe.  This  is  an  apparatus  constructed  as  in  Fig. 
(11)  consisting  of  two  concentric  tubes  drawn  nearly  to  a  point,  through 
the  outer  one  hydrogen  is  admitted  and  ignited,  and  then  a  stream  of 
oxygen  gas  is  passed  through  the  central  tube,  thus  mixing  the  two 
gases  at  their  point  of  combustion.  The  most  extreme  heat  of  a 
flame  of  hydrogen  burning  in  oxygen  is  thus  obtained.  The  illu- 
minating power  of  calcium  lights  is  due  to  a  piece  of  lime, 
an  infusible  substance,  heated  to  incandescence  by  the  oxyhydrogen 
blow  pipe;  zinc,  iron,  or  tin  burn  readily  in  the  flame,  a  piece  of 
platinum  wire  is  instantly  melted;  indeed,  the  fusing  of  platinum 
for  the  manufacture  of  various  utensils  is  accomplished  by  this 
means. 
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CHAPTER  IV. 


WATER. 

Symbol  H2  0,  Specific  gravity  1,  Specific  gravity  of  vapor y  air  =  1,  is 
.62208,  H  =  2  is  17, 89. 

When  hydrogen  is  burned  in  oxygen,  or  oxygen  in  hydrogen, 
water  is  formed.  The  study  of  the  composition  ot*  this  substance  and 
the  methods  by  which  this  has  been  advanced,  might  serve  as  a  type 
of  all  other  similar  investigations,  so  that  for  the  purpose  of  becoming 
somewhat  acquainted  with  the  means  of  chemical  research  the  sub- 
ject  will  be  discussed  at  some  length.  That  hydrogen  and  oxygen, 
in  uniting,  form  water  is  easily  proved,  but  the  question  at  once 
arises,  is  water  alone  produced  or  may  not  some  other  substance  origi- 
nate simultaneously  when  the  combustion  takes  place  ?  Indeed,  when 
all  of  the  products  of  combustion  of  hydrogen  in  the  air  are  collected,, 
an  acid  substance,  nitric  acid,  is  found  to  be  produced.  The  form- 
ation of  an  acid  by  this  means  puzzled  the  original  investigators,  and 
not  until  they  had  exploded  a  mixture  of  pure  hydrogen  and 
pure  oxygen,  as  Cavendish  did  in  1780,  and  so  discovered  that  no 
acid  whatever  was  produced  under  those  circumstances,  did  they 
come  to  the  conclusion  that  hydrogen  and  oxygen,  in  burning,  formed 
water  only.  Another  problem  as  regards  water  then  presented  itself. 
Before  the  last  quarter  of  the  eighteenth  century  it  was  generally 
supposed  that  water,  by  boiling,  was  changed  to  an  earthy  substance,, 
for  on  boiling  even  pure  distilled  water  in  glass  or  earthen  vessels  ani 
earthy  residue  remained  after  evaporation.  Lavoisier  took  upon 
himself  to  prove  that  the  universally  accepted  notion  was  erroneous. 
In  order  to  do  this  he  sealed  some  pure  water  in  a  glass  flask,  then 
weighed  the  same  and  heated  through  some  weeks,  when  the  total 
weight  was  unchanged.  On  evaporating  the  water,  a  solid  sub- 
stance remained,  but  then  Lavoisier  found  that  the  flask  had  lost 
in  weight,  and  this  loss  in  weight  was  exactly  equal  to  that  of 
the  earthy  residue.     As  a  consequence  he  came  to  the  conclusiouj 
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that  the  earthy  substance,  supposed  to  be  formed  by  the  boiling  of 
water,  was  nothing  more  than  a  dissolved  portion  of  the  glabs,  depos- 
ited by  evaporation.     Scheele,  at  the  same  time,  showed  that  this 
earthy  residue  had  exactly  the  same  composition   as  the  glass  in 
which  the  water  had  been  boiled.     Chemists  had  then  proved  two 
things  by  their  investigations,  that  hydrogen  and  oxygen,  in  uniting 
formed  nothing  but  water,  and  that  this  water,  in  evaporating,  was 
volatilized  unchanged.     We  have  seen  that  water  is  decomposed  by 
the   electric  current.     It  is  not  only  necessary  for  the  chemist  to 
prove  that  hydrogen  and  oxygen  are  produced  by  this  means;  he 
must  also  show  that  nothing  but  these  gases  are  formed.     Sir  Hum- 
phrey Davy  noticed  that,  in  electrolizing  water,  a  certain  amount  of 
alkali  separated  at  the  negative  pole,  while  acid  was  formed  at  the 
positive  one.     There  were  only  three  possible  theories  to  hold;  one 
was  that  these  substances  were  produced  from  the  water;  the  second, 
that  they  were  formed  by  the  decomposition  of  the  glass,  for  glass  is 
■  composed  of  an  acid  and  an  alkaline  substance;  and  the  third,  that 
the  surrounding  air  took  part  in  the  change.     In  order  to  discover 
the  source  of  these  impurities,  Davy  transferred  the  water  to  a  gold 
vessel   and   then  continued  the  process  of  electrolysis.     Acid  and 
alkali  were  formed  as  before,  but   the   amount   of   alkali   became 
less  and  less,  until  it  finally  disappeared,  showing  that  this  was  due 
jto  a  portion  of   the  glass   dissolved,  while  the  production  of  acid 
4;on tinned.     Davy  came  to  the  conclusion  that  this  latter  was  due 
to  nitric  acid,  produced  from  the  atmosphere,  and,  as  a  consequence, 
the  gold  vessel  was  placed  under  a  bell -jar  on  the  receiver  of  an  air 
pump,  the  air  exhausted  and  replaced  by  pure  hydrogen,  when  the 
formation   of  acid   ceased.     It   was  proved,  therefore,  that   water 
.^hanged  to  nothing  but  hydrogen  and  oxygen  on  electrolysis,  and 
with  that  the  chain  of  evidence  was   complete.      There    remained 
fjow   to   determine   what    proportionate   volumes  of  hydrogen  and 
-oxygen  were  produced  in  the  electrolysis  of  water,  and  what  pro- 
portionate volumes  united  to  form  water.     This  matter  had  been 
in  dispute  for  a  number  of  years,  until  Gay  Lussac  and  Humboldt 
showed  that  exactly  twice  as  much  hydrogen  as  oxygen,  by  volume,  is 
(Contained  in  water,*'  in  other  words,  for  every  two  cubic  centimeters 
of  hydrogen  there  is  one  cubic  centimeter  of  oxygen,  and,  if  hydro- 
gen and  oxygen  are  mixed  in  exactly  these  proportions^,  the  gas 
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produced  explodes  violently  when  ignited  by  means  of  a  taper  or 
electric  spark.  If  the  exact  mixture  is  exploded  in  a  ehort  heavy 
glasB  tube  closed  with  mercury,  over  a  trough  filled  with  that  metal, 
we  would  Bee  that  after  the  explosion  the  mercury  would  com- 
pletely fill  the  tube,  as  the  volume  of  water  formed  would  be 
insignificant  as  compared  to  the  volume  of  the  gases  used.  The 
following  facts  have  then  been  proved  as  regards  water.  It  is 
composed  of  hydrogen  and  oxygen  only;  it  decomposes  into  noth- 
ing but  hydrogen  and  oxygen,  and  the  volume  of  hydrogen  is  to 
the  volume  of  oxygen  as  2:1;  furthermore,  two  volumes  of  hydro- 
gen mixed  with  one  of  oxygen  form  an  explosive  mixture  from 
which  only  water  is  produced,  without  a  residue  of  hydrogen  or 
oxygen. 

Having  proved  the  composition  of  water  by  volume,  our  next 
task  is  to  discover  the  same  by  weight,  and  this  was  first   most 
accurately  determined   by  Dumas.*     By 
passing  pure  hydrogen   over  heated  cop- 
per oxide    the    following    reaction   takes 
place: — 

Cu  0  +  2  H         =  Cu      +  H,  O. 

Copper  oxide +hydrogen=copper+water. 
By  this  means  we  have  a  most  ready 
method  of  discovering  the  proportional 
parts- by  weight  in  which  hydrogen  and 
oxygen  unite.  For,  let  us  suppose  the 
copper  oxide  to  be  perfectly  dry  and  accu- 
rately weighed,  then  after  the  reaction 
the  weight  of  the  remaining  cupper  sub- 
tracted from  that  of  the  copper  oxide 
would  give  us  the  weight  of  oxygen  which  , 
has  gone  to  form  water;  if  by  some  means 
we  can  collect  the  water  formed  and  weigh  moure    /. 

the  same  with  equal  accuracy,  by  the  difference  in  weight  between 
that  of  the  oxygen  and  of  the  total  water  we  would  have  given  the 
weight  of  hydrogen. 


tndertook  to  detero 


>e  quautltaUve  compost- 
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a  =  veight  of  copper  oxide.  c  =  weight  of  water  formed, 

b  =  weight  of  copper  after  the  re-     c  —  x  =  weight  of  hydrogea. 

action, 
a  —  b  =  weight  of  oxygen  =  x  and  x:c  —  x  will  represent  the  ratio 
in  which  oxygen  and  hydrogen  unite  to  form  water. 

This  ratio  was  found  by  Dumas  to  be  1:7.98.  Diimas  took 
great  care  to  purify  the  hydrogen  which  he  used.^*  The  water 
was  collected  by  passing  the  gas  through  an  empty  glass  flask  in 
which  the  greater  part  was  condensed,  and  then  through  a  series 
of  tubes  filled  with  fused  caustic  potash  and  phosphorus  pentoxide, 
which  substances  absorbed  all  of  the  remainder.  The  tubes  are 
filled  with  perfectly  dry  and  pure  air  before  the  operation  and  then 
weighed,  after  the  water  has  been  formed  they  are  once  more  filled 
with  dry  and  pure  air  and  again  weighed,  when  the  gain  in 
weight  gives  the  amount  of  water  formed.  This  latter,  in  19  ex- 
periments was  945.439  grams,  the  loss  in  weight  of  the  copper  oxide, 
and  consequently  the  amount  of  oxygen  in  the  water  was  840.161 
grams  leaving  for  hydrogen  (945.439  —  840.161)  or  105.278 
grams.  The  ratio  between  hydrogen  and  oxygen,  therefore  is  as 
105.278:  840.16,  or  as  1:  7.98.  Of  late  Morley,  by  using  a  differ- 
ent method,  has  proved  that  the  ratio  is  more  probably  1:  7.935. 

The  facts  which  we  have  discovered  as  regards  water  are  then  as 
follows : 

It  is  decomposed  into  hydrogen  and  oxygen,  and  yields  two  volumes 
of  hydrogen  to  one  of  oxygen ;  it  is  formed  from  two  volumes  of  hydro- 
gen and  one  of  oxygen,  and  when  the  water  so  formed  is  heated  above 
the  boiling  point,  i,  e,,  measured  as  steam,  it  will  be  seen  that  2  vols, 
of  hydrogen  +  1  vol.  oxygen  produce  2  vols,  water  vapor,  and  furth- 
ermore water  contains  the  two  elements  in  the  proportional  parts  by 
weight  of  one  of  hydrogen  to  eight  of  oxygen.  We  shall  subse- 
quently see  that  in  equal  volumes  of  gases,  under  the  same  condi- 
tions of  temperature  and  pressure,  there  are  equal  numbers  of  parti- 
cles, so  that  if  two  volumes  of  hydrogen  unite  with  one  of  oxygen 
to  form  water  we  are  tolerably  safe  in  assuming  that  two  atoms  of 
hydrogen  unite  with  one  of  oxygen,  and  if  we  neglect  the  decimals, 
two  parts  by  weight  of  hydrogen  unite  with  sixteen  of  oxygen,  from 
this  it  follows  that  in  all  probability,  the  atomic  weight  of  oxygen  is 
sixteen.  This  last  conclusion  cannot  be  absolutely  certain,  as  we  shall 
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subsequently  see,  but  we  are  sure  that  one  part  by  weight  of  hydro- 
gen unites  with  eight  of  oxygen  to  form  water  a,nd  formerly  chemists 
were  of  the  opinion  that  speculation  should  not  extend  beyond  this 
certainty.  They  wrote  the  formula  of  water  HO,  meaning  by  this» 
that  hydrogen  and  oxygen  united  to  form  water  in  the  proportion  of 
one  part  by  weight  of  hydrogen  to  eight  of  oxygen,  and  as  eight 
parts  by  weight  of  oxygen  were  equivalent  to  one  of  hydrogen,  eight 
was  called  the  equivalent  weight  of  oxygen;  but  as  chemical  and 
physical  theory  and  investigation  became  more  perfect,  it  was  seen 
that  we  could  form  very  definite  conclusions  as  regards  the  atomic 
weights,  so  that  equivalent  weights  were  abandoned  and  our  present 
atomic  weights  came  into  general  use.  The  investigations  on  the 
composition  of  water  will  serve  to  illustrate  the  means  by  which  our 
present  chemical  facts  have  become  known,  and  the  pupil  should 
underotand  that  when  in  the  future  the  atomic  weights  of  elements, 
or  the  formulae  of  compounds  are  mentioned,  these  have  been  dis- 
covered by  some  equally  painstaking  means  of  investigation. 

Water  at  ordinary  temperatures  is  a  nearly  colorless  liquid;  when 
light  is  passed  through  a  thick  layer  of  the  substance  it  will  be  seen 
to  have  a  distinctly  blue  color.  When  heated  above  its  boiling 
point,  which  with  760^?^  pressure  is  at  100°  centigrade,  it  is  trans- 
formed into  a  colorless  gas.  When  water  is  cooled,  the  substance 
contracts,  following  the  general  law;  when  heated,  it  expands.  If 
however,  water  having  a  temperature  above  4°  centigrade  is  cooled, 
it  will  contract  until  that  temperature  is  reached,  and  will  then 
begin  to  expand  until  0°  centigrade,  when  it  freezes.  Water  at 
4°  centigrade  then  has  the  greatest  specific  gravity,*  so  that  any 
body  of  water  on  cooling  toward  that  temperature  will  become  spe- 
cifically heavier;  that  portion  on  the  surface,  because  it  cools  first,  will 
sink,  the  warmer  and  lighter  water  below  will  rise  and  in  this  man- 
ner a  continuous  circulation  will  be  kept  up  until  the  entire  body 
has  arrived  at  the  temperature  of  4°  centigrade.  Now  the  water  on 
cooling  further  will  expand,  and  hence  the  cooler  portion  will  float 
on  the  surface  until  it  arrives  at  0°,  when  freezing  begins  and  the 
crust  of  ice  formed,  floating  on  the  surface,  will  act  as  a  protection 
to  the  water  below.     As  a  consequence   water  freezes  on  the  surface 

*  If  we  place  the  density  of  water  at  4°  centigrade  at  l.  then  water  at  0*  centigrade 
has  a  specific  gravity  of  .9d988. 
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and  not  from  below  upward.  In  freezing,  water  expands,  the 
specific  gravity  of  ice  being  .9167;  on  cooling  below  its  freezing 
point  ice  continuously  contracts,  following  the  usual  law.  The 
freezing  point  of  water,  or  rather  the  melting  point  of  ice,  at  standard 
atmospheric  pressure  is  taken  as  0°  on  the  centigrade  thermometer; 
this  point  is  lowered  by  compression,  so  that  ice  at  0°  centigrade  can 
be  fused  by  increasing  the  pressure;  as  soon  as  this  is  relieved  the 
liquid  instantly  freezes.  This  fact  can  be  experimentally  proved 
by  firmly  pressing  together  two  pieces  of  ice,  when  they  will  adhere 
as  soon  as  this  pressure  is  relieved. 

Water  is  able  to  dissolve  a  large  number  of  substances  to  form 
solutions.  Solutions  are  homogeneous  mixtures  of  two  substances, 
either  both  or  one  of  which  must  be  gaseous  or  liquid.  These 
mixtures  cannot  be  separated  by  simple  mechanical  means.  Gases 
can  form  these  homogeneous  mixtures  in  any  proportion.  When 
two  substances  are  liquid  the  solution  may  take  place  in  any 
proportion,  as  between  alcohol  and  water,  alcohol  and  ether,  acetic 
acid  and  water;  or  one  liquid,  may  partially  dissolve  another,  as  in 
the  case  of  water  and  ether;*  or  lastly,  one  liquid  may  be  entirely 
insoluble  in  another,  as  in  the  case  of  some  oils  and  water.  When 
ft  solid  dissolves  in  a  liquid,  the  latter  is  only  able  to  take  up  a 
certain  quantity,  which,  with  any  given  liquid,  varies  with  the 
nature  of  the  solid.  When  the  liquid  has  dissolved  as  much  of  the 
solid  as  it  will,  the  solution  is  said  to  be  saturated.  As  a  rule, 
gases  are  less  soluble  in  liquids  the  higher  the  temperature;  they  are 
therefore  expelled  from  their  solutions  on  heating.  Solids,  on  the 
other  hand  are  as  a  rule  more  soluble  in  hot  liquids  than  in  cold 
ones.  As  a  consequence  a  saturated  solution  at  the  boiling  point  of 
the  liquid  will  contain  more  of  the  dissolved  solid  than  it  will  at  a 
lower  temperature,  so  that  on  cooling,  a  dissolved  substance  separ- 
ates, frequently  in  a  crystalline  form.  The  process  of  dissolving 
crystalline  solids  in  hot  liquids  and  separating  by  cooling  is  called 
recrystallization,  and  is  very  frequently  employed  as  a  means  of 
purifying  crystalline  substancet*.  The  solubility  of  solids  in  water 
varies  very  greatly;  some  substaucen  are  insoluble,  others  but  very 
slightly  so,  so  that  the  solution  may  bo  saturated  when  only  a  trace 

*  In  this  latter  case  we  can  i»ourcely  Muy  that  one  Uquld  dissolves  the  other,  for 
to  take  an  example  from  the  instance  Junt  citoU,  the  other  wlU  dissolve  just  as  much 
water  as  the  water  wiU  dissolve  ether. 
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of  disBolved  substance  Ib  preBeat,  while  again  we  have  aolids  such 
as  potassium  hydrate  and  calcium  or  magneaium  chloride  which  ore 
soluble  even  in  their  owa  volume  of  water.  The  solutions  formed 
are  clear  liquids  which  may  have  the  color  of  the  dissolved  solid. 
In  making  solutions  we  frequently  have  marked  changes  of  tempera- 
ture. Where  substances  form  no  chemical  union  with  water  in 
dissolving,  the  temperature  is  lowered,  for  work  must  be  done  to 
change  the  crystallized  solid  to  a  liquid;  thus  potassium  or  ammon- 
ium nitrate  on  dissolving,  cause  a  very  marked  lowering  of  the 
temperature. 

Quite  a  number  of  substances  can  chemically  unite  with  a  cer- 
tain number  of  molecules  of  water  to  form  crystalline  compounds 


FlOURE  8. 
in  which  the  water  is  apparently  not  present  as  such,  for  the  crystals 
are  perfectly  dry  and  have  a  definite  form,  the  water  being  detected 
only  ou  heating,  when  it  passes  off.  Such  combined  water  is 
known  as  water  of  crystallization;  the  number  of  molecules  of 
water  of  crystallization  and  the  crystalline  form  are  always  the 
same  for  any  given  compound,  but  in  some  few  cases  however  a 
substance  can  crystallize  in  different  forms,  with  different  amounts 
of  water  of  crystallization.  To  cite  a  few  examples,  copper  sul- 
phate crystallizes  with  five  molecules  of  water  as  Cu  SO,,  5  Hj  0, 
ferrous  sulphate  with  seven  molecules  as  Fe  SO,,  7  Hj  0,  sodium 
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carbonate  with  ten  molecules,  as  Na,  CO,,  10  H,  O,  and  alum  with 
twenty -four  molecules  as  Alj  Kg  (804)4+24  Hj  O.  Substances 
which  are  chemically  similarly  constituted  will  frequently  crystallize 
in  the  same,  or  at  least  in  very  similar  crystalline  forms;  such  sub- 
stances are  called  isomorphous.*  A  number  of  compounds  lose  their 
water  of  crystallization  on  standing  in  the  air,  their  crystalline  form 
is  destroyed  and  they  finally  disintegrate  to  form  not-crystalline  pow- 
ders; such  substances  are  efflorescent.  On  the  other  hand,  we  have  a 
large  number  of  bodies  which  are  capable  of  taking  up  water  from  the 
atmosphere  and  dissolving  in  the  moisture  so  concentrated;  these 
are  deliquescent.  By  far  the  greater  number  of  substances  are 
neither  deliquescent  nor  efflorescent  at  ordinary  temperatures  but 
all  substances  with  water  of  crystallization  lose  this  at  a  compara> 
tively  moderate  heat.  When  water  of  crystallization  has  been 
expelled  from  a  substance  the  body  is  called  anhydrous.  Anhy- 
drous salts  dissolve  in  water  with  the  evolution  of  heat;  many,  like 
calcium  chloride,  are  able  to  absorb  moisture  readily,  and  as  a 
consequence  are  most  useful  for  drying  gases.  It  must  be  borne  in 
mind  however  that  the  majority  of  substances  which  crystallize  do 
not  contain  water  of  crystallization. 

Water  combines  with  many  substances  when  it  does  not  enter  as 
water  of  crystallization;  for  example  the  oxides  of  the  metals  when 
soluble  in  water,  unite  with  that  substance  to  form  the  hydroxides. 

K-O-K      K  -  o/k 

+      ^      ///         ^^  K,0  4-H,0=         2K0H 

XT  rk  Ti        Ti  // \     XT  Potassium  Oxide   +  Water  =  Potassium  hydroxide. 

U— U— xl        ri./\J  —  a 

/  /    =   Ca^''''     or  C*  «         +  H.  O  =        Ca  (OH). 

*-,     ,  Q TI  V   QTT  Calcium  Oxide  +  Water  =  Calcium  hydroxide.t 

*  The  student  should  consult  some  elementary  text-hook  in  regard  to  the  prin- 
ciples of  crystallography.    Isomorphous  salts  are,  for  instance, 

Mg  SO4.  7  H,  O.  Ca  CDs, 

Zn  SO4, 7  H t  O.  Sr  CDs . 

Two  or  more,  substances  are  not  truly  isomorphous  unless  one  can  replace  the 
other  without  altering  the  crystalline  form,  thus,  Mg  SO4,  7  Ht  O  and  Zn  SO4 
T  H  aO,  both  crystallize  in  the  rhombic  system,  and  zinc  can  replace  magnesium  in 
crystals  of  Mg  SO4, 7  Ht  O,  without  altering  the  crystalline  form. 

i  Not«  again  the  difference  between  the  formulae  KOH  and  Ca  (OH)t.  Here, 
we  see,  calcium  has  the  power  of  retaining  twice  as  many  hydroxyle  groups  as  did 
potassium,  a  relationship  exactly  similar  to  that  of  potassium  and  magnesium 
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In  such  cases  the  water  entering  into  combination  with  the  oxide 
is  decomposed,  it  is  no  longer  present  as  water  but  as  hydroxyle  to 
which  group  attention  has  already  been  called  on  page  (28).  The 
hydroxides,  of  course,  differ  most  markedly  in  stability;  some  are 
very  readily  decomposed  by  heat  into  water  and  the  oxide,  while 
others,  for  example  potassium  hydroxide,  can  be  fused  at  a  high 
red  heat  without  changing  to  the  oxide.  As  a  rule,  the  less  pro- 
nouncedly metallic  the  element  forming  the  hydroxide  is,  the  more 
readily  will  that  hydroxide  be  decomposed  by  heat.  For  example 
calcium  hydroxide  is  decomposed  as  follows  by  heat : — 

/OH       Ca  o/h 
Ca  =        7/  or  Ca(OH),        =         Ca  O         +     H,  O 

V  /M3-  /r\   -a  Calcium  hydroxyde   =    Calcium  oxide    +    Water. 

\Uii  /(J    ±1 

In  the  same  way  as  water  enters  into  conabination  with  the  oxides 
of  the  metals  to  form  hydroxides,  it  can  unite  with  the  anhydrides 
of  acids  to  form  hydroxides  called  acids,  to  which  attention  will  be 
called  subsequently. 

Pure  water  is  very  difficult  to  obtain  owing  to  its  great  capacity 
for  dissolving  various  substances.  The  impurities  may  be  of  two 
kinds,  those  mechanically  suspended  and  those  dissolved;  while  the 
dissolved  impurities  may  be  classed  under  three  heads,  gaseous, 
liquid  and  solid.  The  mechanically  suspended  impurities  may  be 
removed  by  filtration,  that  is,  by  passing  the  water  through  some 
porous  substance  such  as  unsized  paper  (so-called  filter  paper),  or 
through  unglazed  porcelain.  Those  dissolved  must  be  removed  by 
distillation.*  The  gaseous  impurities  cannot  all  be  eliminated  by 
this  means,  for  the  oxygen  and  nitrogen  of  the  atmosphere  as  well 
as  the  other  impurities  in  the  air  are  soluble  in  water,  and  will  there- 
fore be  found  in  the  distilled  water.  Liquid  impurities  may  be 
removed  by  distillation,  provided  their  boiling  point  is  not  too  near 

hydroxides,  and  similar  to  the  relationship  in  the  formula  of  the  chlorides  Ca  Clt 
K  CI.    If  we  were  to  call  chlorine  x,  hydroxyle  y,  the  relationship  would  become 
apparent  in  Ca  Xt,  Ca  Yt;  Kx.  Ky.    These  chemical  changes  are  rendered  more 
apparent  if  the  pupil  will  take  the  trouble  to  write  out  the  formulse  of  reactions* 
atom  for  atom,  as  has  Iseen  done  above. 

*  Distillation  is  simply  the  t>rocess  by  which  the  steam  of  boiling  water  is  col- 
lected in  suitable  vessels,  and  condensed  to  a  liquid,  For  a  description  of  the  pro- 
cess of  distiUation  any  larger  text  book  can  be  consulted. 
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tliat  of  water,  wliere  the  boiling  points  of  two  liquids  are  withta  10° 
of  each  other  a  complete  separation  by  dietillation  is  impossible. 
The  solid  impurities  remain  behind  in  the  vessel  from  which  water 
has  been  distilled.  If  distilled  water  is  to  be  free  from  gases 
it  must  be  boiled  for  some  time  in  bottles  and  then  hermetically 
sealed  before  allowing  to  cool. 

All   naturally  Occurring  waters  are  more  or  less  impure,  the 
purest  being  rain-water  and  melted  snow,  but  even  these  contain  such 
solid  and  gaseous  substances  as  they  can  collect  in  passing  through 
the  atmosphere.   Rainwater  in  fall- 
ing on  the  soil  takes  up  such  sol- 
uble substances  as  are   contained 
therein,  and  in  so  doing  is  changed 
to  spring- water.     Of  course,   the 
dissolved  impurities  of  spring -water 
vary  greatly  with  the  nature  of  the 
soil  through  which  the  water  has 
"  passed;  when   the   amount  of  dis- 
solved impurity  is  not  very  great 
and  is  mainly  calcium  carbonate  or 
sulphate,  the  water  is  fresh  water, 
when  quautitiesof  salts  are  dissolved 
from  the  soil  the  water  becomes  a 
-mineral  water.     Some  springs  are- 
Jheated  as  they  issue  from  the  earth, 
these  are  called   thermal   springs. 
The  most  frequent  salts  in  mineral 
lauRE  9.  waters  are  sodium  aud  magnesium 

sulphates,  sodium  carbonate  and  carbonate  of  iron,  while  gaseous  con- 
stituents like  carbon  dioxide  and  sulphuretted  hydrogen  are  also 
met  with.  River  water  necessarily  must  contain  the  dissolved  im- 
purities which  were  in  the  springs  from  which  the  stream  has  its 
source,  with  some  modifications  introduced  by  the  nature  of  the  soil 
over  which  it  has  passed  or  by  contaminations  which  have  been 
introduced  purposely  or  accidentally  by  decaying  animal  or  vege- 
table substances.  As  streams  pass  through  more  or  less  thickly 
inhabited  regions  the  proximity  of  dwellings  and  factories  is  apt  to 
cause  dangerous  impurities  in  the  water,  for  as  a  rule  very  little 
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care  is  exerted  to  keep  sewage  from  reaching  the  same  stream  from 
which  drinking  water  is  taken.  The  water  polluted  will,  on  analy- 
sis, prove  to  contain  compounds  of  nitrogen  which  have  their  origin  in 
putrescent  animal  substances,  the  quantity  of  these  compounds  dimin- 
ishes as  the  water  is  exposed  to  the  oxidizing  action  of  the  atmosphere, 
yet,  in  the  water  thus  purified  by  nature,  there  may  be  a  large  number 
of  living  micro-organisms  which  may  cause  disease,  so  that  a  drinking 
water  should  be  examined  not  only  with  the  purpose  of  ascertaining 
the  quantity  of  decaying  animal  substance  present,  but  also  as  to  the 
number  and  kind  of  micro-organisms  contained  in  it.  Water  may 
be  contaminated  by  a  considerable  quantity  of  sewage  and  yet  be 
harmless,  for  it  may  contain  no  harmful  disease  germs,  while,  on  the 
other  hand,  water  considered  as  chemically  pure  may  be  extremely 
dangerous  by  reason  of  germs  contained  therein. 

In  concluding  the  chapter  on  this  most  important  subject,  it  is 
well  to  once  more  call  attention  to  the  extreme  importance  of 
thoroughly  understanding  tho  changes  of  energy  which  take  place  in 
the  formation  and  decomposition  of  water.  We  must  remember 
that  hydrogen  and  oxygen  (a  metal  and  a  not-metal)  unite  most 
readily,  provided  some  impulse  such  as  an  electric  spark  or  fire 
is  added  to  a  mixture  of  the  gases,  while,  during  the  union, 
much  heat  was  given  off  and,  therefore,  water  possessed  much  less 
energy  than  did  the  elements  hydrogen  and  oxygen;  and  the  appli- 
cation of  just  as  much  kinetic  energy,  in  some  form,  is  necessary 
to  decompose  water  as  has  been  given  off  in  its  formation.  When 
the  energy  is  applied  in  the  form  of  an  electric  current,  two 
volumes  of  hydrogen  and  one  of  oxygen  are  produced. 

We  have,  by  this  time,  become  somewhat  more  intimately 
acquainted  with  chemical  equations.  The  pupil  should  practice 
writing  the  chemical  equations  which  have  been  given,  until  he  is 
entirely  familiar  with  them,  remembering,  always,  that  the  mere 
memorizing  of  such  equations  is  useless,  that  the  reasons  why  any 
reaction  should  take  place,  and  why  certain  substances  are  formed 
from  any  reaction  are  of  infinitely  more  importance  than  the  equa- 
tions, which,  however,  fix  these  reasons  in  the  memory. 
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CHAPTER  V. 


OZONE  AND  HYDKOGEN  DIOXIDE. 

When  compared  with  the  extraordinary  chemical  activity  of 
oxygen  at  higher  temperatures,  the  tendency  of  that  element  to  unite 
with  other  substances  under  ordinary  conditions  is  not  very  marked. 
Iron,  copper  and  similar  substances,  which  are  oxidized  when 
heated  in  the  gas,  remain  unchanged  in  perfectly  pure  oxygen  at 
ordinary  temperatures,  and  we  can  readily  see  that,  did  oxygen 
possess  the  capability  of  oxidizing  under  those  circumstances,  there 
would  result  a  complete  alteration  of  the  existing  conditions  upon 
the  surface  of  the  earth.  The  element  is  not,  however,  limited  to 
the  one  form  which  we  have  discussed,  it  is  also  capable  of  existing 
in  another  character,  in  which  its  properties  differ  most  remarkably 
from  those  of  ordinary  oxygen.  An  element  capable  of  existing  in  two 
or  more  different  physical  and  chemical  forms  is  said  to '  possess  the 
property  of  allotropism;  and  the  different  modifications  of  the  same 
element  are  called  its  allotropic  forms.  Oxygen,  then,  exists  in  two 
allotropic  forms,  oxygen  and  ozone — in  the  former  one  it  has  the 
properties  which  have  already  been  described;  in  the  latter,  it 
possesses  a  marked  odor,  when  large  quantities  are  present  it  is 
irritating  to  the  mucous  membrane  of  the  throat  and  nose  arid  it  is  a 
most  active  oxidizer  even  at  ordinary  temperatures.  We  are  only 
acquainted  with  ozone  diluted  with  oxygen  or  air. 

The  fact  that  a  room,  in  which  a  powerful  generator  of  static 
electricity  is  in  action,  becomes  filled  with  an  odor  resembling  that  of 
phosphorus  has  been  known  for  some  time,  *  while,  in  1840,  SchOn- 
bein  found  that  the  same  odor  was  produced  when  moist  phosphorus 
Was  exposed  to  the  atmosphere.^  The  substance  causing  this  odor 
was,  at  first,  owing  to  its  resemblance  to  chlorine,  supposed  to  be 
an  element,  at  a  later  date  investigation  seemed  to  show  that  it 
was  simply  an  oxide  of  hydrogen  differing  from   water,  but  de  la 

•  Since  1785,  (Von  Marum). 
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Kive  showed  that  if  oxygen,  perfectly  pure  and  dry,  be  passed 
through  a  aarrow  glass  tube  in  which  are  inserted  two  platinum 
wires  between  which  electric  spark?  are  passing,  a  quantity  of  ozone 
isjgenerated.  This  proved  without  a  doubt  that  ozone  was  generated 
from  oxygen  alone,  and  subsequently  the  proof  was  brought  that 
ozone  on  heating  yielded  nothing  but  oxygen. 

Having  discovered  that  ozone  was  simply  oxygen  in  another 
form  there  remained  to  be  decided  whether  in  forming  the  former 
substance  from  the  latter,  any  change  in  bulk  of  the  gaa  occurred. 


Figure  10. 
Further  study  showed  that  a  diminution  in  volume  took  place;  and 
this  contraction  was  such  that  from  3  e.c.  of  oxygeu  there  resulted  2 
c.  c.  of  ozone,  and  conversely  from  two  of  ozone  there  resulted  three 
of  oxygen.  We  have  learned  that  in  equal  volumes  of  gases  there 
are  equal  numbers  of  particles,  it  follows  that  if  we  were  able  to 
obtain  pure  ozone,  there  would  be  as  many  particles  of  ozone  in  a 
given  volume  as  there  would  be  of  oxygen.  Now,  we  have  seen 
that  in  the  formation  of  ozone,  oxygen  contracts  from  3  volumes  to 
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2,  it  follows  that  a  given  weight  of  ozone  occupies  only  two-thirds  the 
volume  of  the  same  weight  of  oxygen,  hence,  the  weights  of  equal 
volumes  of  oxygen  and  ozone  must  be  to  each  other  as  2:3;  and 
hence,  if  there  are  the  same  number  of  particles  in  each  gas,  the 
weight  of  a  molecule  of  oxygen  must  be  to  that  of  ozone  as  2:3. 
We  will  learn,  empirically  for  the  present,  that  the  molecule  of 
oxygen  is  composed  of  two  atoms,  and  that  its  molecular  weight 
being  the  sum  of  the  atomic  weights  of  the  atoms  composing  the 
molecule  must  be  32,  it  follows  that  the  molecular  weight  of  ozone 
is  48,  and  that  if  ordinary  oxygen  has  a  molecule  composed  of  two 
atoms  of  oxygen,  ozone  must  have  one  consisting  of  three.  In  this 
case  then  the  cause  of  allotropism  is  evidently  in  the  different  mole- 
cular structure  of  the  two  modifications  of  the  same  element,  and  from 
this  the  student  will  see  that  a  change  in  the  molecule  brings  with 
it  a  change  in  the  character  of  the  substance,  regardless  whether 
that  molecule  is  composed  of  atoms  of  the  same  kind  or  of  those  of 
different  kinds.     The  two  reactions, 

S  +  O2  =  S  O2,  Sulphur  dioxide, 

0  +  02  =  002  Ozone, 
will  serve  to  make  this  meaning  more  clear.  By  oxidizing  sulphur  we 
obtain  sulphur  dioxide,  a  body  differing  in  properties  from  both  sulphur 
and  oxygen,  by  oxidizing  oxygen  we  obtain  ozone,  a  body  differing 
in  properties  from  oxygen,  but  not  perhaps  as  markedly  as  sulphur 
dioxide  does  from  sulphur.  The  addition  of  energy  was  necessary  to 
form  ozone  from  oxygen,  it  is  an  endothermic  compound,  and  hence 
has  a  great  tendency  to  break  down  with  the  evolution  of  heat. 
The  fact  that  it  can  oxidize  metals  under  ordinary  conditions  has 
already  been  alluded  to;*  it  also  can  oxidize  a  great  many  organic 
substances,  such  as  albumen,  milk,  shavings,  corks  or  india  rubber; 
if  such  substances  are  placed  in  oxygen  containing  ozone  the  odor  of 
the  latter  disappears  at  once.  As  ozone  is  formed  in  a  great  variety 
of  ways,  for  instance  by  the  evaporation  of  liquids  or  by  discharges 
of  electricity,,  it  follows  that  more  or  less  of  the'  substance  must 
occur  in  the  atmosphere  at  times  but,  owing  to  the  presence  of 
oxidizable  substances,  we  would  scarcely  expect  any  quantities  of 
ozone  in  the  atmosphere  of  cities.     Large  quantities  of  ozone  would 

*  Some  pure  and  bright  mercury  shaken  with  gas  which  contains  even  traces  of 
ozone  is  instantly  oxidized,  the  mercury  adhering  to  the  sides  of  the  flask. 
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undoubtedly  be   harmful  if  inhaled;   small  quantities  have  never 
been  proved  to  have  any  effect. 

Ozone  is  a  gas  which  has  a  blue  tint,  as  can  be  seen  by  looking 
in  the  direction  of  a  white  paper  through  a  long  tube  containing 
ozone.  If  it  could  be  obtained  pure  it  would  undoubtedly  be  easily 
condensed  to  a  liquid,  for,  although  it  is  always  greatly  diluted  with 
oxygen,  it  forms  an  indigo-blue  liquid  at  temperatures  above  those 
required  to  liquify  oxygen.  ^ 

Hydrogen  and  oxygen  form  two  distinct  compounds,  in  one  of 
which,  water,  we  have  two  parts  by  weight  of  hydrogen  united  to 
sixteen  of  oxygen;  in  the  other,  two  of  hydrogen  to  thirty-two  of 
oxygen;  the  existence  of  these  two  compounds  being  an  excellent 
example  of  the  law  of  multiple  proportions.  We  have  already^ 
decided  that  the  formula  of  water  is  HjO,  and  hence  we  must  assign 
the  formula  HjOa  to  hydrogen  dioxide,  remembering  that  as  we 
have  not  been  able  to  obtain  this  substance  in  the  form  of  a  gas, 
HgOj  only  can  represent  the  formula  weight;  the  molecular  weight 
may  be  any  multiple  of  this  formula  weight,  or  (n  HjOa). 

Hydrogen  dioxide  is  prepared  by  adding  a  dilute  acid,  preferably 
sulphuric  acid,  to  barium  dioxide. 

Ba  Oa  +  Hj  SO,        =  Ba  SO,  +  H^  O^, 

Barium  dioxide  +  Sulphuric  acid  =  Barium  sulphate  +  Hydrogen  dioxide. 

The  barium  su  Iphate  formed  is  insoluble  in  water,"  it  can  there- 
fore be  allowed  to  settle  to  the  bottom  of  the  vessel  in  which  the 
peroxide  of  hydrogen  is  prepared  and  the  clear  supernatent  liquid 
then  poured  off;  by  allowing  the  excess  of  water  to  evaporate  ^^ 
there  remains  a  very  concentrated  solution  of  hydrogen  dioxide  hav- 
ing a  specific  gravity  of  1.45,  and  which  does  not  freeze  at  —  30°. 
The  concentrated  solution  must  be  preserved  in  ice,  for  on  warming- 
to  ordinary  temperatures  a  rapid  evolution  of  oxygen  takes  place,  and 
nothing  but  water  remains — a  too  rapid  heating  of  the  liquid  to  the 
boiling  point  of  water  will  cause  it  to  explode.  Dilute  solutions  oi 
the  dioxide  have  a  bitter  taste. 

Hydrogen  dioxide  owes  its  chief  value  to  the  readiness  witht 

which  it  yields  its  oxygen,  resembling  ozone  in  that  particular; 

indeed,  the  most  delicate  test  for  both  is  the  same  and  owes  its  value- 
4 
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to  their  oxidizing  power.     Hydrogen  dioxide  when  added  to  a  solution 
of  potaasium  iodide  yields  iodine: 

HA  +  2  KI  =  2K  OH  +2  1. 

Hydrogen  dioxide  +   Potassium   Iodide  =   Potassium  hjdroxide  +  Iodine. 
0.  +  2KI  +HjO  =  2KOH  +0,        +   2   I 

Ozone  +  PotaaaluQi  Iodide  +  Water  =  Potosalum  hydroxide  +  Oxygeu  +  Iodine. 

In  the  latter  case  the  addition  of  water  is  necessary,  in  the  for> 
mer  a  compound  of  hydwgen  and  oxygen  which  yields  water  a 
already  present,  but  in  both  cases  the  oxygen  given  oft  changes  the 
iodide  to  the  hydroxide  of  potassium.  Iodine  has  the  power  of  turn- 
ing starch  paste  to  a  deep  blue  color,  so  that  the  addition  of  some 
of  this  substance  will  render  even  minute  traces  of  iodine  visible. 

Both  ozone  and  hydrogen  dioxide  owe  their  peculiar  powers  nf 
oxidation  to  the  fact  that  they  can  yield  oxygen  in  a  condition 


known  as  the  nascent  state.  Oxygen,  as  well  as  a  number  of  other 
elements,  exists  as  molecules,  each  molecule  being  formed  of  two 
atoms.  A  considerable  amount  of  energy  is  necessary  to  decompose 
these  molecules;  indeed,  in  the  case  of  hydrogen  for  instance,  Jl 
is  doubtful  whether  any  heat  which  we  can  command  will  be  able  to 
decompose  the  molecules  of  hydrogen  into  atoms.  As  a  consequence 
it  follows  that  the  individual  atoms  possess  much  more  chemical 
energy  than  do  the  molecules  and  hence  must  tend  to  unite  with 
some  other  atom  or  with  some  molecule.  When  an  element  is  liber- 
ated from  any  of  its  compounds  it  must  exist  as  individual  atoms. 
which  however  instantly  unite  to  form  molecules.  If  however  auy 
substance  is  present  on  which  the  atoms  can  act  they  will  then  react 
with  that  substance.  It  follows  therefore,  that  elements  are  chemi- 
cally most  active  at  the  very  moment  of  their  liberation  from  com- 
pounds (in  utalii  iMMcendi).  If  we  pass  hydrogen  gaa  through  nitric 
:  acid  no  change  will  take  place,  no  matter  how  long  we  may  continue 
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the  operation,  but  if  we  generate  hydrogen  within  the  acid,  as  for 
instance  by  placing  a  piece  of  zinc  in  nitric  acid,  the  hydrogen  will 
rob  the  nitric  acid  of  its  oxygen,  forming  water  and  an  oxide  of 
nitrogen  containing  less  oxygen  than  does  nitric  acid.  Instances  of 
the  action  of  elements  in  the  nascent  state  are  extremely  numerous, 
but  we  are  even  aware  of  a  number  of  cases  where  compounds  are 
more  energetic,  chemically,  at  the  moment  of  their  formation  than  at 
any  other  time,  and  in  such  cases  this  explanation  of  the  nascent  state 
is  inadequate.  The  compound  CO,  carbon  monoxide,  can  act,  under 
certain  conditions,  as  if  it  were  in  the  nascent  state  but  we  have  no 
reason  to  suppose  that  this  compound  ever  exists  otherwise  than  as 
the  molecule  represented  by  the  formula  CO.  The  above  explanation 
of  the  nascent  state,  if  correct,  is  probably  applicable  only  in  a  limited 
number  of  cases.  The  fact  remains  however,  that  elements  fre- 
quently enter  into  reaction  at  the  moment  of  their  liberation  from 
compounds,  where  they  would  be  entirely  indifferent  under  other 
circumstances.     Oxygen  in  the  nascent  state  is  liberated  by  hydro- 

O 
gen  dioxide  and  by  ozone,  for  ozone  i  >0,  O3,  breaks  down  into  one 

O 

O  O 

molecule  of  oxygen  and  an  atom  of  the  same  element    1  >0  =    1  +  O 

O  O 

and     hydrogen     dioxide     into    water    and    an    atom    of    oxygen 

H-0       H        +  O 

I    =      >0  ,  and  as  a  consequence  both  of  these  substances 

H-0       H 

are  powerful   oxidizers  and  bleachers.      The  tendency  of  oxygen 

when  liberated  from  ozone  to  unite  with  other  atoms  is  so  great 

that  it  can  even  take  oxygen  away  from  other  compounds  to  form 

a  molecule  of  oxygen ;  for  instance,  when  brought  in  contact  with 

silver  oxide  the  following  reaction  takes  place — 

Ag,  O  +  O  =  2  Ag  -f  O, 

and  similar  reactions  take  place  with  hydrogen  dioxide. 
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CHAPTER  VI. 


THE  HALOGENES. 

We  have  now  studied  a  metal,  a  typical  not-metal  and  the  pro- 
duct formed  by  the  union  of  the  two  and  having  gained  an  insight 
into  quite  a  number  of  chemical  reactions  as  well  as  into  the  mode 
of  action  of  the  molecules  and  atoms,  we  will  now  go  to  the  discus- 
sion of  the  elements  by  families,  taking  them  up  in  the  natural  order 
assigned  to  them  by  their  atomic  weights,  remembering  that  as  was 
said  in  the  introduction,  the  properties  of  the  various  elements  are 
given  by  their  atomic  weights.  The  first  group  of  elements  which 
we  will  study  are  the  most  not-metallic  in  their  characteristics,  and 
the  plan  will  be  to  work  from  this  family  through  such  with  a 
diminishing  not-metallic  character  until  finally  we  arrive  at  groups 
composed  entirely  of  the  metals. 

The  Halogenes  (salt  producers)  consist  of  four  elements: 

Fluorine,  atomic  weight  19. 
Chlorine,       ''  ''       35.45 

Bromine,       ''  ''       79.95 

Iodine,  **  ''     126.85 

With  increasing  atomic  weight  we  have  a  decrease  in  the  not- 
metallic  properties  of  the  elements  composing  such  a  family  and 
this  change  is  well  shown  in  the  decreasing  stability  of  the  com- 
pounds of  the  halogenes  with  the  metals.  If  we  examine  their 
hydrogen  compounds,  which  are  formed  by  the  union  of  one  atom  of 
hydrogen  with  one  of  the  halogene,  (HF,  HCl,  HBr,  HI)  we 
are  at  once  impressed  by  this  change — for  hydroiodic  acid  (HI) 
decomposes  most  readily  upon  heating,  a  hot  wire  introduced  into 
the  gas  will  change  it  to  hydrogen  and  iodine;  hydrobromic  acid, 
H  Br,  is  less  readily  separated  into  its  elements;  hydrochloric  acid 
(H  CI)  is  broken  down,  if  at  all,  only  by  the  application  of  a  very 
great  amount  of  heat  and  we  have  so  far  as  we  know  never  effected 
a  decomposition  of  hydrofluoric  acid  by  heat  alone.     We  can  see 
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this  same  difference  illustrated  by  bringing  chlorine  into  a  solution 
containing  sodium  bromide  or  iodide;  the  chlorine  will  at  once  form 
sodium  chloride,  liberating  bromine  or  iodine;  while  bromine,  added 
to  a  solution  of  sodium  iodide,  will  set  iodine  free,  and  fluorine 
would  without  doubt  decompose  the  compounds  of  any  of  the  other 
hal^ogenes  with  the  metals.  This  difference  in  the  character  of  the 
halogenes  is  shown  by  the  heat  of  formation  of  the  hydrogen  com- 
pounds given  in  the  table  at  the  end  of  the  chapter.  With  increas- 
ing atomic  weight  we  necessarily  have  changes  in  the  physical 
properties  of  the  elements.  Fluorine  is  a  colorless  gas,  chlorine  a 
yellowish-green  gas,  rather  easily  converted  to  a  liquid,  bromine  is 
a  dark  brown  liquid  at  ordinary  temperatures,  while  iodine  is  a  solid 
of  almost  metallic  appearance.  The  halogenes  all  have  a  peculiar  odor 
and  attack  the  skin  and  mucous  membrane.  Other  points  of  resem- 
blance will  become  apparent  in  the  detailed  study  of  the  elements. 
They  all,  with  the  exception  of  fluorine  and  bromine,  form  oxides, 
and  all  but  fluorine,  acids  with  oxygen  and  hydrogen  a  study  of 
which  will  be  deferred  until  a  subsequent  chapter  is  reached.  The 
halogenes  themselves  are  never  found  as  free  elements,  but  occur 
united  to  some  metal,  as  the  fluoride,  chloride,  bromide  or  iodide. 
The  metals  most  frequently  found  united  with  the  halogenes  are 
sodium,  potassium,  magnesium,  or  calcium,  so  that  for  instance, 
sodium  chloride,  (common  salt)  is  the  most  frequently  occurring 
compound  of  chlorine.  Having  given  a  few  of  these  general  charac- 
teristics, we  will  go  to  the  study  of  the  individual  elements. 
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CHAPTER  VII. 


FLUORINE  AND  HYDROFLUORIC  ACID. 

Symbol  F,  atomic  weight,  19.  Symbol  HF,  specific  gravity  of  liquid 
,9879;  of  gas,  air  =  1  is  1.364;  H  =  2  is  39.32,  the  molecule 
is  H^  F^. 

This  element  chiefly  occurs  in  nature  combinecl  with  the  metal 
calcium  as  fluorspar,  (Fluorite,  Ca  Fg),  a  crystalline  mineral  quite 
frequent  of  occurrence;  in  addition  to  this,  cryolite,  a  fluoride  of 
sodium  and  aluminum,  (Al  Fg,  3  Na  F)  occurs  in  large  masses  in 
Greenland,  and  is  a  considerable  source  of  fluorine  compounds; 
while  small  quantities  of  fluorides  occur  in  the  enamel  of  teeth  and 
blood,  and  traces  of  the  same  are  found  in  sea  water. 

Fluorine  has  until  recently  resisted  all  attempts  to  isolate  it  because 
of  its  great  chemical  aflinity  for  other  elements,  be  they  metal  or  not- 
metal,  so  that  it  would  combine  with  other  substances  as  soon  as  liber- 
ated from  its  compounds.  Quite  recently  a  French  chemist,  Moissan, 
succeeded  in  preparing  the  element  by  electrolysis  of  perfectly  pure 
liquid  hydrofluoric  acid  placed  in  a  U  shaped  platinum  tube  and 
cooled  to  a  low  temperature.*  When  the  electric  current  passes 
through  hydrofluoric  acid  the  latter  is  decomposed  into  hydrogen  and 
fluorine,  just  as  we  decompose  water  into  hydrogen  and  oxygen, 
the  hydrogen  separating  at  the  negative  pole,  the  fluorine  at  the 
positive. 

The  element  is  a  colorless  gas,  which  does  not  attack  platinum 
but  instantly  unites  with  elements  such  as  silicon,  boron,  arsenic, 
sulphur,  iodine,  iron;  organic  substances,  such  as  corks,  petroleum, 
etc.  The  substances  so  attacked  take  Are  in  the  gas  so  that  all  the 
phenomena  of  combustion  in  oxygen  are  repeated  with  fluorine  in  a 
more  violent  degree  and  under  ordinary  conditions.  If  the  gas  is 
passed  into  water,  the  latter  is  instantly  decomposed,  forming  ozone 
and  hydrofluoric  acid,  a  reaction  which  is  very  interesting;  for  the 

*  By  liquid  methylchloride,  boiling  point— 22*5°. 
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power  of  decomposing  water  which  members  of  the  halogene  family 
posseBB,  diminiehee  with  increasing  atomic  weight.  The  reaction  is 
aa  follows : — 

2  F    +   H,0    =  2  HF  +  O. 

Fluorine  -I-    Water     '^  HydroBuorlc  acid  and  Oxygen. 
The  atoms  of  nascent  oxygen  then  can  combine  with  each  other 
to  form  ozone. 

The  compound  of  hydrogen  and  fluorine,  hydrofluoric  acid,  was 
first  identified  as  a  peculiar 
acid  by  Scheele  (1771),  al- 
though the  fact  that  a  sub. 
stance  which  would  attack 
glass  could  be  produced  by 
the  action  of  sulphuric  aeld 
on  fluorspar  had  beeu  known 
for  some  time  (1670).  The 
nature  of  hydrofluoric  acid 
was  misunderstood  for  some 
time,  owing  to  the  opinion 
formerly  held  by  chemists 
that  all  acids  must  contain 
oxygen,  so  that  the  exist- 
ence of  oxygen  was  presup- 
posed in  hydrofluoric  acid. 
We  now  know  that  no  com- 
pounds of  fluorine  and  oxy- 
gen exist. 

Hydrofluoric  acid  can,  as 
we  have  seen,  be  produced 
by  the  action  of  fluorine  on 
water  and  by  direct  union  of 
hydrogen  and  fluorine,  just  as 
water   was  formed   by   direct 

union  of  hydrogen   and  oxy-  Fioure  12, 

gen,  and  ao  great  is  the  tendency  to  form  this  compound  that  fluor- 
ine will  take  hydrogen  away,  possibly,  from  any  other  compound 
containing  that  substance.  To  prepare  hydrofluoric  acid  for  the 
laboratory  or  for  commercial  purposes,  other  less  expensive  means 
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are  resorted  to.  If  a  fluoride,  such  as  sodium  fluoride  or  calcium 
fluoride  is  treated  with  sulphuric  acid,  the  following  reaction  takes 
place:* 

2NaF     +     HjSO,     =     Na,  80,       +       2  HF 

Sodium  fluoride  +  Sulphuric  acid  =  Sodium  Sulphate  +  Hydrofluoric  acid. 

CaFa      +    H2SO4     =       CaSO,       +      2  HF 

Calcium  fluoride  +  Sulphuric  Scld  =  Calcium  Sulphate  +  Hydrofluoric  acid. 

Eeactions  such  as  the  above  are  very  frequently  met  with;  the 
hydrogen  of  the  acid  simply  exchanging  places  with  the  metal  of 
the  salt  to  form  a  new  salt  and  a  new  acid.  Such  reactions  are 
designated  as  double  decompositions,  and  as  a  practical  hint  we  can 
say  that  they  take  place  when  an  insoluble  or  a  volatile  substance 
can  be  produced. f  We  will  inquire  more  closely  into  the  nature  of 
double  decompositions  when  we  have  studied  a  larger  number  of 
chemical  reactions.  The  method  given  above  is  one  very  frequently 
employed  in  the  preparation  of  the  various  acids  from  their  salts. 

Hydrofluoric  acid  is  a  colorless  mobile  liquid  which  freezes  at 
— 102°,  boils  at  +19°,  (about  the  temperature  of  a  warm  room)  and 
which  fumes  strongly  in  the  air  because  of  its  attraction  for  mois- 
ture. The  vapor  of  hydrofluoric  acid  is  very  irritating  even  when 
inhaled  in  small  quantities,  while  any  considerable  amount  can 
cause  death.  A  drop  of  the  acid  put  on  the  hand  causes  a  most 
painful  blister  which  ultimately  changes  to  a  slowly  healing  ulcer, 
so  that  great  care  must  be  exercised  in  handling  this  acid.  The 
usual  commercial  acid  is  a  solution  of  hydrofluoric  acid  in  water. 
It  is  a  colorless,  extremely  acid  liquid,  fuming  in  the  air,  and  is 
transported  in  bottles  made  either  of  paraffine  or  of  guttapercha,  for 
the  acid  readily  attacks  glass. 

*As  hydrofluoric  acid  attacks  glass  the  pure  substance  must  be  prepared  in 
platinum  vessels. 

t  Hydrofluoric  acid  Is  a  volatile  substance. 
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CHAPTEK  VIII. 


CHLORINE. 

Symbol  CI,  atomic  weight  35 A5,  specifie  gravity ,  air  =  1  is  2,45, 
H=  2  is  70,5.     1  CO.  weighs  .003173  grams. 

Chlorine  occurs  in  nature  combined  with  various  metals  as 
chlorides,  never  as  the  free  element.  The  most  important  chloride 
is  that  of  sodium  (Na  CI,  sodium  chloride,)  or  common  salt.  This 
substance  forms  the  major  portion  of  the  solid  residue  left  upon 
evaporation  of  sea- water  and  is  consequently  the  larger  part  of  the 
salt  beds  of  marine  origin  and  of  those  composed  of  rock  salt.  In 
less  quantity  chlorine  occurs  combined  with  potassium  as  the  mineral 
sylvin  (KCl,  potassium  chloride)  or  as  a  chloride  of  magnesium  and 
of  potassium  (K  CI,  Mg  CI2  +  6  Hg  O,  carnallite) ;  the  chlorides  of 
iron,  lead,  silver,  etc.,  occur  in  small  quantities,  while  chlorides 
are  found  in  the  ashes  of  plants  and  in  animals. 

The  element  was  not  discovered  until  1774,  at  the  beginning  of 
the  period  in  which  were  made  the  great  advances  in  chemistry 
recorded  in  the  introduction;  the  first  chemist  to  prepare  chlorine 
being  Scheele.  He  called  it  dephlogisticated  muriatic  acid,  for  it 
was  muriatic  acid  from  which  phlogiston  (hydrogen)  had  been 
extracted.  Chlorine  was  for  some  time  supposed  to  be  a  compound  of 
oxygen  with  an  unknown  element  called  murium;  Sir  Humphrey 
Davy  first  definitely  asserted  that  chlorine  was  an  element,  calling  the 
element  chlorine  from  xXwpbq,  greenish  yellow,  the  gas  having  that 
color. 

Evidently,  in  order  to  prepare  chlorine,  our  method  must  be  to 
remove  the  metal  from  some  chloride;  hydrogen  chloride  (hydro- 
chloric acid,)  being  the  chloride  easiest  available.  If  we  subject  a 
concentrated  solution  of  hydrochloric  acid  to  the  action  of  an  elec- 
tric current,^  we  will  decompose  the  substance  in  exactly  the  same 
manner  as  we  did  hydrofluoric  acid,  with  the  exception  that  we  can 
readily   perform   the    operation   in   glass    vessels    which    are    not 
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attacked  by  chlorine  as  the  chemical  energy  displayed  by  chlorine 
is  not  as  great  as  that  of  fluorine.  We  can  also  remove  hydrogen 
from  hydrochloric  acid  by  other  means  ;  for  instance  by  some 
oxidizing  agent,  when  water  and  chlorine  are  produced,  as  follows: 

2  H  CI        +      O      =  Ha  O  +    2  CI. 

Hydrochloric  acid    +    Oxygen    =    Water    +    Chlorine. 

The  oxygen  of  the  atmosphere  can  accomplish  this  under  proper 
conditions,  and  a  process  of  commercial  preparation  of  chlorine*  has 
its  origin  in  this  fact.  If  a  mixture  of  hydrochloric  acid  and  oxy- 
gen is  passed  through  a  heated  tube  in  which  are  placed  pieces  of 
porcelain  or  fire-brick  saturated  with  a  solution  of  copper  sulphate, 
chlorine  and  water  are  formed.  The  copper  sulphate  remains  un- 
changed at  the  end  of  the  reaction  so  that  the  reason  for  its  peculiar 
action  is  not  understood. 

Manganese  dioxide  is  the  most  convenient  oxidizer  for  the 
preparation  of  chlorine,  when  it  is  brought  in  contact  with  hydro- 
chloric acid,  the  following  reaction  takes  place:'' 

1.  Mn  Oa  +  4  H  CI  =  Mn  Cl^  +2H2O  +  2  CI 

ManganoHe  dioxide  -I-  liydrochloric  acid  =  Manganous  chloride  +  Water  +  Chlorine* 

The  manganese  dioxide  furnishes  the  oxygen  which  changes  the 
hydrogen  of  hydrochloric  acid  to  water,  and  at  the  same  time  in 
all  probability  a  chloride  of  manganese  is  formed,  having  four 
atoms  of  chlorine  in  the  formula  weight,  thus: 

2.  Mn  O2  +  4  H  CI  =  Mn  CI,  +  2  H^  O. 

This  chloride  is   however  very  unstable   and  breaKS  down  into 
manganous  chloride  and  chlorine,  as  follows: 

3.  Mn  CI,  =  Mn  CI2  +  2  CI, 

so  that  combining  equations  2  and  3,  we  obtain  equation  1.  As  a 
rule,  chemical  equations  are  expected  only  to  represent  the  ultimate 
products  of  any  chemical  reaction,  as  does  equation  1,  but  if  we 
wish  to  thoroughly  understand  chemical  changes  it  is  necessary  to 
inquire  into  all  of  the  various  stages  of  chemical  reactions.  Other 
oxidizing  agents,  as  well  as  manganese  dioxide,  f  a.re  capable  of  fur- 
nishing oxygen  to  form  water  and  chlorine. 

*  Deacon's  process. 

t  Such  oxidizing  agents  are  potassium  permanganate  (K  Mn  O4),  potassium  hiehio- 
mate  (K t  Crt  O7 )  Nitric  acid  (HNOt),  etc.  In  all  of  these  oases  the  principle  Is  the  same, 
the  sole  object  being  to  remove  hydrogen  from  hydrochloric  acid,  forming  chlorine  and 
water.   Manganese  dioxide  is  employed  because  it  is  cheap. 
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A  mixture  of  common  salt  (Na  CI,  sodium  chloride)  and  sul- 
phuric acid  yields  hydrochloric  acid,  so  that  it  is  often  convenient 
to  prepare  chlorine  by  mixing  sodium  chloride  and  manganese  diox- 
ide in  a  flask  and  then  adding  sulphuric  acid.  In  this  case  it  must 
be  remembered  that  the  Mn  Clj  (manganous  chloride)  formed,  would 
also  be  acted  upon  by  the  sulphuric  acid,  forming  manganous  sul- 
phate and  hydrochloric  acid,  which  would  further  be  converted  by 
the  manganese  dioxide  as  follows : 

Mn  CI2  +   H2  80,   =  Mn  S0,+  2  H  CI; 

Mn  O2  +  2  H2  SO,  +  Mn  CI,  =  2  Mn  SO,  +  2  H^O  -f  2  CI; 

or  when  the  usual  mixture  of  sodium  chloride  and  manganese  diox- 
ide is  used: 

MnO,-i-2NaCl  +  2H3SO,  =  MnSO,-f  Na3SO,  +  2H20-f2Cl. 

In  all  cases  the  principle  of  the  reaction  is  the  one  given  on  the 
previous  page,  the  sodium  chloride  serving  simply  to  furnish  hydro- 
chloric acid. 

Several  other  methods  for  the  preparation  of  chlorine  have  been 
devised  some  of  which  are  of  commercial  value,  as  for  instance  the 
preparation  by  heating  magnesium  chloride  in  a  current  of  air,  the 
reaction  resembling  that  of  the  action  of  oxygen  on  hydrochloric 
acid  * 

Mg  Clj        +    O     =        Mg  O       +  2  CI 

Magnesium  Chloride  +  Oxygen  =  Magnesium  Oxide  +  Chlorine. 

The  magnesium  oxide  formed  can  be  dissolved  in  hydrochloric  acid, 
once  more  forming  magnesium  chloride  and  thus  the  process  can 
be  continued  without  serious  loss  of  magnesium. 

Chlorine,  at  ordinary  temperatures,  is  a  greenish  yellow  gas  the 
color  of  which  becomes  darker  upon  heating.  It  has  a  peculiar, 
jrritating  odor  which  must  be  tested  only  when  the  gas  is  very 
dilute,  for  any  great  quantity  of  the  gas  entirely  destroys  the  sense 
of  smell,  causing  inflammation  of  the  mucous  membrane  of  the 
throat  and  lungs,  coughing  and  haemorrhages,  while  an  annoying 
catarrh  follows  its  inhalation  so  that  great  care  must  be  exercised  in 
working  with  the  gas.  A  pressure  of  six  atmospheres  at  0°  condenses 
chlorine  to  a  liquid,  at  ordinary  atmospheric  pressure  it  becomes 
liquid  at — 36°  and  freezes  at — 102°,  its  specific  gravity,  air  being 
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one,  is  2.49  at  temperatures  up  to  12(K)°,*  at  higher  temperatures  the 
specific  gravity  becomes  less,  being  but  2.02  at  1400°,  thus  showiog 
that  the  chlorine  molecules  begin  to  decompose  into  the  individual 
atoms  at  about  whit«  heat.  This  decoinpoBition  of  molecules  into 
simpler  ones  or  into  atoms  is  called  diBBociation,  the  temperature  of 
dissociation  varying  with  different  subatances  according  to  the 
lunount  of  heat  given  off  in  their  formation;  it  of  course  bemg 
necessary  to  add  as  much  energj 
in  the  decomposition  of  a  sub- 
stance as  was  given  off  in  its 
formation.  At  very  high  tem- 
peratures, such  as  exist  in  the 
chromosphere  of  the  sun,  dis- 
sociation of  all  complex  sub- 
stances is  complete,  so  that  do 
chemical  compound  is  possible. 
Chlorine  is  tolerably  soluble 
in  water,  one  volume  of  that 
Bubatance  absorbing  2.5  vol- 
umes of  chlorine  at  ordinary 
temperatures.  The  solution  of 
the  gas  so  produced,  known  ba 
chlorine  water,  has  the'  odor 
of  chlorine  and  the  properties  of  the  gaa.  When  chlorine  water  is 
cooled  to  near  the  temperature  of  freezing  water  it  is  changed  to  a 
transparent  crystalline  substance  (chlorine  hydrate, f  having  the  com- 
position 2  CI  +  8  Hj  O, )  which  slowly  gives  off  chlorine  at  low  tem- 
peratures and  rapidly  upon  heating,  so  that  if  chlorine  hydrate  crys- 
tals be  placed  in  one  end  of  a  bent  glass  tube  as  shown  in  Fig.  11 
while  the  other  end  is  cooled  by  snow  and  salt,  and  the  crystals 
are  then  gently  warmed,  chlorine  will  condense  to  a  liquid  in  the  cold 
part  of  the  tube. 

Chemically,  chlorine  greatly  resembles  oxygen,  with  this  distinc- 
tion; while  oxygen  under  ordinary  circumstances  is  chemically 
inactive,  chlorine  at   ordinary  temperatures  unites  with  many  ele- 

•Tbls,  II^awouldElreaapeciacKTSTltyat  1t.«e,tbe  atomic  velghc  otcblorlne  h 

35,411.  wblchwouldKlve  a  raalecularwelgbtoICLi^T0.90,bene«  below  1200*  cblorlne  mol- 
eculea  cousUt  of  two  atoms  lo  Ibe  molecule. 

t  Prepared  by  passing  cblorlne  ioto  ice  water. 
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ments,  metallic  or  not-toetallic,  forming  chlorides  the  formulae  of 
which  bear  a  great  resemblance  to  the  corresponding  oxides;  thus 
we  have: 

P2O5  PCI5  Al^Og  AlClg 

Phosphorus  pentoxide.  Phosphoras  pentachloride.  Aluminium  oxide.  Aluminium  chloride 
P2  O3,  phosphorus  trioxide.     P  Clg,  phosphorus  trichloride. 

The  difference  between  the  formulae  of  chlorides  and  oxides,  as 
seen  from  the  above,  is  that  in  the  oxide  one-half  as  many  atoms  of 
oxygen  unite  with  one  atom  of  the  other  element  entering  into  the 
compound  as  do  chlorine  atoms  in  the  chloride;  this  relationship 
becomes  clearer  if  we  double  the  formulae  of  the  chlorides  for  pur- 
poses of  comparison : 

P2  O5 ,  Pg  Clio 

Pg  Og ,         Pg  Clft . 

One  oxygen  atom  is  therefore  capable  of  taking  the  place  of  two 
chlorine  atoms  in  chemical  compounds  and  in  writing  chemical  for- 
mulae this  difference  must  always  be  born  in  mind.  What  is  true  of 
chlorine  applies  to  the  other  halogenes  as  well. 

Phosphorus  which  has  previously  been  ignited  in  the  air  will 

continue  to  burn  in  an  atmosphere  of  chlorine,  with  a  pale,  greenish 

name  * 

P  +  3  CI  =  P  CI3,  Phosphorus  trichloride. 

Pronounced  metals  such  as  sodium,  when  heated  to  their  kindling 
temperature,  will  bum  in  chlorine  gas, 

Na  +  CI  =  Na  CI,  sodium  chloride. 

Carbon  when  heated  in  the  presence  of  chlorine  will  form  the  chlor- 
ide of  that  element: 

C  +  4  CI  =  C  CI4,  carbon  tetrachloride.* 

Chlorine  unites  with  hydrogen  so  very  readily  that  it  will  even 
extract  hydrogen  from  its  numerous  compounds  with  carbon.  A 
piece  of  filter  paper  saturated  with  turpentine  and  placed  in  chlorine 
gas  will  take  fire,  sometimes  with  explosive  violence,  forming  hydro- 
chloric acid  and  separating  in  the  form  of  soot  the  carbon  which 
was  in  the  turpentine. f  But  it  is  not  only  from  compounds  of  car- 
bon that  chlorine  will  extract  hydrogen,  it  will  do  so  from  a  multi- 

*  The  pupil  will  note  that  in  this  formula  two  chlorine  atoms  take  the  place  of 
one  oxygen  atom,  as  will  he  seen  from  the  formulae  G  CI 4,  CO 2. 
tTuri)entine  is  a  compound  of  carbon  and  hydrogen. 
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tude  of  other  subetances  containing  that  element,  as  from  sulphu- 
retted hydrogen,  (H^S;  ammonia  (NH,)  or  even  from  water,  in  each 
case  forming  hydrochloric  acid  and  liberating  the  element  previously 
combined  with  hydrogen: 

H,S  +  2C1  =      2HC1        +8, 

Hydrogen  sulphide  4-  chlorine  =  hydrochloric  acid  +  solphnr. 

NH,  +  3  CI  =  3  H  CI  +  N, 

Ammonia  i  chlorine  =  hydrochloric  acid  and  nitrot?6n, 

H,  0  +  2  Cl   =      2  U  CI       -i-    O. 

Water  l  chlorine  =  hydrochloric  acid  +  oxygen. 

The  cauHe  for  these  reactions  in  each  case  is  that  in  contact 
with  hydrogen ,  chlorine  possesses  greater  chemical  energy  than  the 
other  elements.  This  is  shown  by  the  fact  that  hydrochloric  acid, 
when  dissolved  in  water,  has  a  greater  heat  of  formation  than  water, 
sulphuretted  hydrogren  or  ammonia. 

Thus,  NH3  formed  from  its  elements  gives  204  K,  * 

HaS       **        ''      '*         ''  '*       73  K, 

HaO       "         '*      *'         **  •*     684  K, 

2  H  CI   **         ''      **         '*  ''     786  K. 

Chlorine  water  placed  in  the  sunlight  will  form  hydrochloric  acid 
and  liberate  oxygen;  but  chlorine  and  water  can  yield  oxygen  and 
form  hydrochloric  acid  even  without  the  aid  of  sunlight,  provided 
some  substance  is  present  which  can  be  oxidized.  It  is  to  this  pro- 
perty that  chlorine  owes  its  commercial  value,  its  chief  industrial 
use  being  as  a  bleaching  agent,  its  power  of  bleaching  depending,  at 
least  in  the  groat  majority  of  cases,  upon  its  capability  of  liberating 
nascent  oxygen  from  water.  That  this  is  the  case  can  be  proven 
by  pljacing  a  piece  of  colored  calico  in  a  jar  of  dry  chlorine,  no 
bleaching  will  take  place  until  water  is  added  and  then  the  bleaching 
action  of  chlorine  at  once  becomes  apparent.*  Chlorine  is  very  fre- 
quently employed  as  an  oxidizing  agent  in  laboratory  work;  an  oxi- 
dizing agent  Iveinga  body  which  can  chemically  furnish  oxygen,  either 
per  .«€  or  by  the  decomposition  of  some  oxide. 

*K  stands  for  the  quantity  of  heat  which  a  gram  of  water  lo$«es  when  cooled 
from  100"  0'.  In  >tpf«klnK  of  heats  of  formation  or  of  reactions,  the  quantities  of 
«ub8t4inoo>  rcvaotinj;  arc  as  many  (rrams  as  are  expressc^l  by  the  atomic  or  formula 
wotfThtH.  Thns  whrn  we  say  the  heat  of  formation  of  Ht  O  is  6S0  K,  we  mean  that 
two  frrams  of  hydrogren  unitinR  with  sixteen  of  oxyiren  frive  680  K.  By  lieat  of 
iiointion  we  mean  the  heat  iriven  off  by  dissotvlnfr  the  formula  weli^ht  of  a  sub- 
stAn<«e  In  ^anis  In  an  unlimited  quantity  of  water.  Thus  **  the  beat  of  solutioii  of 
hydnv'liiorir  arid  K 172  K  **  means  tbMX  96.45  irrams  H  Ol  irtveoff  ITS  K  while  dissolv- 
ing tn  an  «in limited  amount  of 
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CHAPTER  IX. 

HYDROCHLORIC  ACID. 
Symbol,  HCl,  Specific  gravity,  air  =  1,  ig  1.2596,  H  ^  2,ie  36.5, 

lee.  at  0°  and  .76  m.  weighg  .0016278  grama. 

Hydrochloric  acid  occurs  only  very  rarely  in  nature  in  the 
exhalations  of  some  volcanoes  and  in  the  springs  arising  from  the 
craters;  for  instance  the  Rio  Vinagre,  arising  in  the  Andes,  con- 
tains .08  per  cent.,  the  Faramo  de  Ruiz,  in  New  Granada  .8  per 
cent,  of  free  hydrochloric  acid. 

The  aqueous  solution  of  the  acid  was  first  prepared  by  Basil 
Valentine  in  the  15th  century  by  distillation  of  salt  (NaCl,  sodium 
chloride)  with  ordinary  green  vitriol  (Fe  SO,,  ferrous  sulphate);  it 


intly  investigated  by  a  number  of  alchemists,  but  the  pure 
gas  was  not  obtaiued  until  1772  when  Priestly  made  pure  hydro- 
chloric acid.  The  old  name  was  spiritus  sails  or  acidum  munaticum 
(from  Murias,  Sea  salt)  and  at  the  present  day  the  aqueous  acid  is 
frequently  called  muriatic  acid.  When  first  iuvestigated,  hydro- 
chloric acid  was  supposed  to  contain  oxygen,  hut  Davy  in  1810 
proved  that  it  was  composed  of  nothing  but  hydrogen  and  chlorine. 

The  acid  is  best  prepared  by  treating  the  chloride  of  a  metal, 
preferably  ssdinm  chloride,  ;with  sulphuric  acid,  when  the  following 
reaction  takes  place : 

2NaCl     +        H,  80.        =      Na,  SO,     +         2  H  CI, 
Sodium  chloride  +  Hydrogen  sulphate  =  Sodium  salphale  +  Hjdrosen  chloride," 
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The  gas  can  be  collected  over  mercury  or,  being  heavier  than 
air,  by  downward  displacement,  but  not  over  water  as  it  is  ex- 
tremely soluble  in  that  substance.  Hydrochloric  acid  is  a  color- 
less gas  with  an  acid  odor,  it  fumes  strongly  in  the  air  owing  to  the 
condensation  of  moisture  from  the  atmosphere;  it  cannot  be 
breathed,  as  it  causes  violent  coughing;  it  is  neither  combustible, 
nor  will  other  substances  burn  in  it.  The  stability  of  union  of 
hydrogen  and  chlorine  is  very  great,  at  about  1800°  (high  white 
heat)  hydrochloric  acid  begins  to  slightly  decompose  into  hydrogen 
and  chlorine,  but  as  we  have  learned  the  great  tendency  which 
hydrogen  has  to  unite  with  chlorine,  this  stability  is  not  unexpected. 
Hydrochloric  acid  is  very  soluble  in  water;  at  0°  one  volume  of 
water  will  dissolve  505  volumes  of  hydrochloric  acid  gas,  the  solu- 
tion then  contains  43  per  cent,  of  the  acid.*^ 

When  chlorine  is  brought  in  contact  with  hydrogen,  in  the  dark, 
no  reaction  takes  place  j  if  the  mixture  of  the  two  gases  be  exposed 
to  the  sunlight,  or  if  a  lighted  taper  is  applied  or  an  electric  spark 
allowed  to  pass  through  the  gases,  a  violent  explosion  takes  place 
and  hydrochloric  acid  is  produced.  On  the  other  hand  if  a  current 
of  electricity  is  passed  through  hydrochloric  acid  **  the  chlorine  will 
separate  at  the  positive  pole,  the  hydrogen  at  the  negative;  this  resem- 
bles the  decomposition  of  water,  excepting  that  with  hydrochloric 
acid  equal  volumes  of  hydrogen  -and  chlorine  are  produced,  while 
in  the  case  of  water  two  volumes  of  hydrogen  and  one  of  oxygen 
result.  When  hydrogen  and  chlorine  are  mixed  in  equal  volumes  and 
then  exploded,  there  is  no  change  in  volume,  while  the  mixture 
of  gases  is  entirely  converted  into  hydrochloric  acid;  furthermore, 
sodium  when  it  is  placed  in  a  closed  volume  of  hydrochloric  acid, 
will  absorb  the  chlorine  (forming  Na  CI,  sodium  chloride)  and  the 
volume  of  the  gas  will  be  diminished  by  one-half.''^ 

We  have  now  proved  that  hydrochloric  acid  decomposes  into 
equal  volumes  of  hydrogen  and  chlorine  and  that  equal  volumes  of 
hydrogen  and  chlorine  unite  to  form  hydrochloric  acid  without 
change  of  volume.  The  relationship  in  the  volumes  of  hydrogen 
and  oxygen  producing  water  was  equally  simple,  so  indeed  is  that 
between  the  volumes  of  any  gases  uniting  to  form  a  gaseous  com- 
pound, so  that  Gay  Lussac,  who  first  accurately  investigated  the 
subject,  was  able  to  formulate  the  following  law: 
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''If  gaseous  substances  enter  into  chemical  combination,  their 
Tolumes  are  in  simple  ratio  to  each  other,  and  if  a  gaseous  substance 
is  formed  by  their  union,  its  volume  also  is  in  simple  ratio  to  the 
Tolume  of  the  original  gases." 

According  to  the  kinetic  theory  of  the  nature  of  gases,  now  uni- 
versally held,  these  substances  are  composed  of  particles  of  matter 
which  are  flying  about  in  right  lines  until  they  impinge  on  the  sides 
of  the  vessel  in  which  the  gas  is  contained  or  on  each  other,  w^hen, 
being  perfectly  elastic,  they  rebound.  The  particles  of  the  gas  are 
separated  by  such  distances  that  their  own  volume  exercises  no 
influence  on  the  volume  of  the  gas  as  a  whole.  Now,  the  weight 
of  a  given  volume  of  gas  is  but  the  sum  of  the  weights  of  the  in- 
dividual particles  making  up  that  gas  and  the  specific  gravity  of 
any  gas,  if  air  is  taken  as  unity,  is  equal  to  the  weight  of  a  given 
volume  of  that  gas  as  compared  with  that  of  the  same  volume  of 
air.  Investigation  has  shown  us  that  the  ratios  between  the  specific 
gravities  of  elementary  gases  and  those  between  their  combining 
weights  bear  a  simple  relationship  to  each  other,  thus  the  specific 
gravity  of  hydrogen  in  round  numbers  is  .07,  of  oxygen,  1.12;  biit 
.07  is  to  1.12  as  1:16,  and  1  part  of  hydrogen  unites  with  8 
parts  of  oxygen  (1  with  Y)  to  form  water.  The  specific  gravity  of 
chlorine  is  2.45,  and  the  relationship  is  : —  .07  :  2.45  :  :  1  :  35.45; 
but  the  combining  weight  of  chlorine  is  35.45,  as  that  part  by 
weight  of  chlorine  unites  with  one  part  of  hydrogen.  If  we  use 
hydrogen  as  unity  *  the  relationship  is  seen  more  readily  thus : 

H  =  1.     Then  the 
combining  weight  of  oxygen    is    8. (or  ^)  its  specific  gravity  16. 
'*•  "       ''  chlorine  is  35.45.  "  **       35.45« 

"  ''       '*  nitrogen  is   4.66  (or  ^)       "  ''       14. 

The  most  reasonable  supposition  is  that  if  equal  volumes  of  gases 
bear  a  similar  relationship  by  weight  to  each  other  as  do  the  indi- 
vidual particles  of  which  they  are  composed,  then  the  numbers  of 
particles  in  the  gases  themselves  must  bear  a  simple  ratio  to  each 
other,  as  1:2,  1:3  or  1:1,  indeed  most  probably  they  have  equal 
numbers  of  particles,  for  by  such  a  theory  we  can  explain  the  simple 

♦The  ratio  between  the  weis^hts  of  hydrogen  and  of  an  equal  volume  of  air.  Is 
as  .060: 1  or  as  1: 14.4,  hence  any  specific  gravity  with  air  as  unity  can  be  converted 
to  hydrogen  as  unity  by  multiplying  with  14.4. 
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relationship  between  the  combining  volumes  of  gases,  and  this  waiF 
the  conclusion  Gay  Lussac  arrived  at  in  the  course  of  his  investiga- 
tions. Thus,  as  equal  volumes  of  hydrogen  and  chlorine  unite  to 
form  hydrochloric  acid  and  the  ratio  between  the  weights  of  equal 
volumes  of  the  gases  is  the  same  as  that  between  the  individual  par- 
ticles, what  could  be  simpler  than  to  suppose  that  the  volumes  con- 
tained equal  numbers  of  these  particles?  Dalton,  however,  sooi 
poimted  out  a  defect  in  this  reasoning.  Let  us  suppose  we  have  a 
volume  of  hydrogen  containing  1000  atoms,  then  an  equal  volume 
of  chlorine  will  also  contain  1000  atoms,  the  two  unite,  thu»  forming 
1000  molecules  of  hydrochloric  acid.     The  natural  result  would  be, 


1000 

1000 

• 

1000 

atoms 

+ 

atoms 



mols. 

H 

CI 

HCl 

1  vol.  H        +1  vol.  CI  =1  vol.  H  CI 

for,  as  we  have  seen,  the  volume  of  the  molecule  exercises  no  influ- 
ence on  the  volume  of  the  gas.  Nature,  however,  contradicts  thie 
reasoning,  for  we  have  seen  that  hydrogen  and  chlorine  unite  mih- 
out  change  of  volume;  in  other  words,  1  volume  of  hydrogen  +  1 
volume  chlorine  =  2  volumes  hydrochloric  acidy^  and  it  follows  that 
if  hydrogen  and  chlorine  have  equal  numbers  of  atoms  in  equal  vol- 
umes, then  hydrochloric  acid  must  have  but  one-half  the  number  ii 
the  same  volume  for, 


+ 


1  vol.  H         +        1  vol.  CI         =  2  vols.        H  CI 

so  1000  moleculefcii  of  hydrochloric  acid  must  occupy  twice  the  vol- 
ume occupied  previously  by  1000  atoms  of  hydrogen,  and  hence  ii 
one  volume  of  hydrochloric  acid  there  must  be  but  500  molecules. 
It  was  left  for  an  italian  physicist,  Amadeo  Avogadro,  to  explaii 
this  seeming  discrepancy  between  theory  and  fact.     Avogadro  sup- 

♦  Let  the  pupU  Instead  of  using  the  expression  "volume"  substitute  "liter" 
and  the  whole  subject  will  appear  more  clear,  thus, 

1  liter  hydrogen  + 1  liter  chlorine  =  2  liters  hydrochloric  acid. 
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posed  the  elementary  gases  to  be  composed  of  molecules  instead  of 
atoms.  As  a  usual  thing  these  molecules  are  composed  of  two  atoms 
so  that,  accepting  this  hypothesis,  we  would  arrive  at  the  follow- 
ing result: 


+ 


1  volume  hydrogen  -|-  1  volume  chlorine  =  2  vols,  hydrochloric 
acid.  A  reaction  of  this  kind  would  then  consist  simply  of  an  inter- 
change of  the  atoms  composing  the  molecules  so  that,  whereas  we 
previously  had  molecules  each  of  which  was  composed  of  atoms  of 
the  same  kind,  we  now  would  have  molecules  each  of  which  is  com- 
posed of  atoms  which  are  of  a  different  kind.  This  will  be  more 
apparent  if  we  write  the  equation  as  follows: 

H— H  H    H 

+         =       I       I 
CI— CI  CI    CI 

What  is  true  then  of  the  volume  is  true  of  the  individiLal  molecule^ 
there  being  the  same  number  of  molecules  in  equal  volumes;  the 
terms  volume  and  molecule  can  therefore  be  used  interchangeably. 

Simple  as  Arogadro's  explanation  was,  it  was  not  generally  ac- 
cepted by  chemists,  chiefly  because  he  tried  to  apply  it  in  cases 
where  substances  which  never  were  in  a  gaseous  state  were  concerned, 
so  that  it  was  not  until  many  years  later  that  it  was  universally 
adopted.  It  was  then  brought  into  prominence  and  is  now  one  of  our 
fundamental  hypotheses,  furnishing  to  us  the  best  means  of  determ- 
ining the  molecular  weights  of  chemical  compounds  and  elements. 

Let  us  suppose  that  we  have  a  volume  of  hydrogen  weighing 
two  [grams,  then  an  equal  volume  of  chlorine  must  weigh  70.9 
grams,  for  the  weights  of  equal  volumes  of  elementary  gases  are  to 
each  other  as  their  atomic  weights  and  1:35.45  :  :  2:70.9. 

1  vol.  H    4-    1  vol.  CI    =        2  vols.  H  CI 


+ 
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It  follows  that  a  volume  of  hydrochloric  acid  equal  to  that  of  the 

72  9 
hydrogen  taken  must  weigh  —^ grams  or  36. 45  grams,  and  therefore 

if  the  molecule  of  hydrogen  is  two,  then  the  molecule  of  hydrochloric 
acid  is  36.45;  so  that  if  hydrogen  be  two,  the  specific  gravity  of 
hydrochloric  acid  is  equal  to  its  molecular  weight,  and  we  will  soon 
see  that  this  rule  can  be  made  general  as  follows : 

If  hydrogen  be  placed  at  two,  then  the  molecular  weights  and 
specific  gravities  of  gases  are  the  same  number.* 

Hydrogen  and  oxygen  unite  to  form  water  in  the  proportion  of 
two  volumes  of  hydrogen  to  one  of  oxygen,  and  if  the  water  so 
formed  is  measured  in  the  form  of  vapor  we  will  find  that  two 
volumes  of  water  are  produced,  thus: 


H 

1  vol. 

+ 

H 

1vol. 

+ 

0 
1  vol. 

t 

H,  0 

2  vols. 

If,  according  to Avogadro's  hypothesis,  oxygen  has  two  atoms  to  the 
molecule,  the  reaction  which  takes  place  will  be  as  follows : 


+ 


+ 


+ 


or,  as  molecule  and  volume  can  be  used  interchangeably, 

H— H  H— H       HH  HH 

0—0  -      V  V 

1  Mol.  H  +  1  Mol.  H  +  1  Mol.  O  =  5r  Mols.  Water. 

Now,  if  each  volume  of  hydrogen  weigh  two  grams,  then  the  same 
volume  of  oxygen  will  weigh  thirty -two  grams  and  consequeutljr : 


2gr. 
H 


+ 


+ 


+ 


*  In  deaUng  with  the  specific  gravity  of  gases  it  is  not  necessary  to  deal  with 
exact  numbers.  Thus,  using  the  oxygen  standard  for  atomic  weights,  hydrogen  is 
1 .007,  but  for  aU  practical  purposes  the  decimal  can  be  neglected. 
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Therefore  in  the  case  of  water  also,  if  hydrogen  be  two,  the  mole- 
cular weight  and  the  specific  gravity  are  identical,  and  similar  methods 
of  reasoning,  backed  by  experiment,  have  shown  us  that  in  all  cases  the 
specific  gravity  of  gases  and  their  molecular  weights  have  the  same 
numerical  value.  The  value  of  the  discoveries  just  cited  as  an  as- 
sistance in  determining  the  atomic  weights  of  elements  is  apparent. 
By  a  determination  of  the  specific  gravity  of  a  gas  we  ascertain  the 
relative  weight  of  a  molecule  of  that  gas,  as  for  instance  in  the  case 
of  water,  the  molecular  weight  cannot  be  more  or  less  than  eighteen, 
and  in  this  eighteen  parts  by  weight  of  water  quantitative  analysis 
shows  us  that  we  have  sixteen  parts  by  weight  of  oxygen  and  two  of 
hydrogen.  The  atomic  weight  of  oxygen  therefore  cannot  be  more 
than  sixteen.  The  maximum  number  is  consequently  fixed  by  ex- 
periment. That  it  is  not  some  fraction  of  sixteen  we  cannot  state 
so  definitely,  yet  all  evidence  points  against  this  assumption.  In 
the  first  place  two  volumes  of  hydrogen  unite  with  one  of  oxygen  to 
form  water,  the  presumption  therefore  is  that  water  has  the  formula 
H2  O  and  hence  sixteen  would  be  the  atomic  weight  of  oxygen,  and 
in  the  second,  we  never  have  encountered  any  compound  of  oxygen 
which  can  he  obtained  in  a  gaseous  state,  and  whose  molecular  weight 
we  therefore  know,  which  contains  less  than  sixteen  parts  by  weight  of 
that  element.  The  magnitudes  at  present  in  use  for  our  atomic 
weights  are  the  results  of  reasoning  exactly  similar  to  that  given  in 
the  case  of  oxygen,  assisted  in  many  cases  by  deductions  drawn  from 
analogy  between  elements  and  by  other  less  important  methods  of 
determining  molecular  weights,  and  we  will  subsequently  see  that 
the  atomic  weights  at  present  in  use  are  the  only  ones  by  means  of 
which  the  elements,  when  arranged  in  the  order  of  their  atomic 
weights,  naturally  fall  into  series  and  families  which  show  the 
greatest  resemblance  to  one  another.  This  existence  of  elements  as 
molecules  is  used  to  explain  the  chemical  activity  of  elements  in  the 
nascent  state.     (See  page  50.) 

Chemical  equations  expressing  the  changes  which  take  place 
when  simple  or  compound  substances  are  brought  in  contact  indi- 
cate the  initial  bodies  and  the  final  result  by  formulae  based  upon 
our  atomic  weights,  taking  no  account  of  the  changes  of  energy; 
they  as  a  rule,  represent  only  the  main  course  of  a  reaction  while 
other  minor  reactions  are  often  going  on  in  a  mixture  of  two  or  more 
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substances.  Many  equations  are  true  only  for  certain  conditions  of 
temperature,  concentration,  etc.  A  chemical  equation  is  simply  an 
algebraic  expression  which  can  be  constructed  quite  independently 
of  chemical  facts,  and  when  so  constructed  is  entirely  useless  if  not 
pernicious  in  its  tendency.  We  must  always  bear  in  mind  that  chem- 
ical facts  and  experiments  are  infinitely  more  valuable  than  chemical 
equations,  the  latter  being  only  useful  as  a  short  method  of  express- 
ing those  changes  which  we  know  to  take  place. 

In  uniting  to  form  hydrochloric  acid,  hydrogen  and  chlorine  give 
220  K.  In  dissolving  in  water  an  additional  70  K  is  evolved,  so 
that  the  solution  of  hydrochloric  acid  in  water  possesses  much  less 
chemical  energy  than  does  the  gas.  We  would  therefore  expect  hy- 
drochloric acid  gas  to  enter  into  a  number  of  reactions  where  the 
solution  would  be  inert.  If  hydrochloric  acid  gas  and  oxygen  are 
passed  through  a  heated  tube  (see  page  58)  the  following  reaction 

takes  place : 

2HC1  +  0  =  H20  +  2C1, 

while  if  chlorine  water  is  allowed  to  stand  in  the  sunlight : 

2  CI  +  HjO  =  2  H  CI  +  O. 

This  contrast  is  explained  by  the  difference  in  energy  between 
gaseous  hydrochloric  acid  and  the  solution  for : 

H  +  CI  =  H  CI  gives  220  K, 
2H  +  2C1  =  2HC1  ''  440  K, 
2H+     O  =     H2O      *^     680  K, 

hence  the  heat  of  formation  of  water  (the  measure  of  the  chemical 
energy  of  H  and  O)  is  greater  than  that  of  two  molecules  of  hydro- 
chloric acid  gas  and  therefore  the  reaction  2  H  CI  +  O  =  HjO  + 
2  CI  would  be  accompanied  by  an  evolution  of  heat.  On  the  other 
hand, 

H  +     CI  =     H  CI  dissolved  in  Hfi  gives  390  K, 

2H  +  2C1  =  2HC1       **         ''     ''       **     780  K, 

and  hence  the  heat  of  formation  of  dissolved  hvdrochloric  acid  is 
greater  than  that  of  water.     As  a  result  the  reaction 

2  CI  +  H,  O  =  2  H  CI  +  O 

in  the  presence  of  water  is  accompanied  by  an  evolution  of  heat. 
Of  course   the  more  concentrated  a  solution  of  hydrochloric  acid  is 
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the  nearer  will  it  approach  the  condition  of  the  gas,  and  hence  the 
greater  will  be  its  reactiveness.  Similar  studies  with  other  bodies 
show  us  that  the  differences  in  energy  between  dissolved  substances 
and  those  undissolved  is  often  very  marked,  and  in  considering 
whether  certain  chemical  reactions  will  take  place  we  should  take  this 
difference  into  account. 

The  compound  of  hydrogen  and  chlorine  is  called  an  acid  because 
it  has  certain  distinctive  properties  possessed  by  every  substance 
entitled  to  be  classed  as  such. 

An  acid  is  a  compound  containing  hydi*ogen  united  to  a  negative 
element  or  group  of  elements,  which  hydrogen  can  be  replaced  by  a 
metal  to  form  a  salt. 

No  definition  of  an  acid  is  entirely  satis^ctory,  as  we  have  a 
number  of  substances  which  contain  hydrogen  replaceable  by  a  metal, 
as  for  instance  water  in  the  reaction  HOH  -}-  K  =  KOH  +  H,  yet 
we  scarcely  would  call  water  an  acid,  nor  KOH  a  salt,  although, 
essentially  there  is  no  difference  between  this  reaction  and  the  fol- 
lowing: Zn  -[-  2  H  CI  =  Zn  Clg  +  2  H,  in  one  case  it  is  the  negative 
group  of  elements  OH  in  the  other  the  negative  element  CI  which  is 
united  to  hydrogen,  and  the  reaction  takes  place  because  K  or  Zn  have 
a  greater  chemical  energy  when  brought  in  contact  with  CI  or  OH 
respectively  than  has  hydrogen,  they  being  more  metallic  in  their 
nature  than  is  hydrogen  and  hence  presenting  a  greater  contrast  to 
the  not-metal.  If  we  call  hydrochloric  acid  an  acid  and  water  not 
one,  it  is  simply  because  expediency  shows  us  that  it  is  well  to 
classify  those  hydrogen  compounds,  the  hydrogen  of  which  is  easily 
replaced  by  a  large  number  of  elements  to  form  salts,  under  the 
head  of  acids,  an  indication  of  the  propriety  of  the  name  being 
that  the  substance  designated  as  *'acid"  has  the  power  of  turn- 
ing a  blue  vegetable,  dye  blue  litmus,  of  a  red  color,  yet  it  is  evi- 
dent that  this  latter  distinction  is  purely  arbitrary  and  unimportant 
as  regards  the  true  chemical  nature  of  acids.  Many  substances 
which  are  not  acids  will  turn  blue  litmus  a  red  color,  while  on  the 
other  hand  some  substances  decidedly  acid*  have  no  effect  what- 
ever upon  litmus. 

*  Organic  substances  acting  as  acids. 
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In  forming  chlorides  we  can  have  recourse  to  four  methods,  three 
of  which  illustrate  general  characteristics  of  acids;  they  are: 
1st.     By  direct  union  of  the  elements,  as 

Na  +     CI  =  Na  CI. 
Zn  +  2  CI  =  Zn  Cl^ 
P     +3Cl  =  PCl8 
C     +4C1  =  CC1, 

This  method  leads  to  the  formation  of  chlorides  of  the  not-metali 
as  well  as  those  of  the  metals,  the  process  being  analogous  to  that  of 
combustion  in  oxygen. 

2d.  By  the  action  of  hydrochloric  acid  on  a  metal  when  the 
chloride  and  hydrogen  are  produced,  as: 

Zn  +  2  H  CI  =  Zn  Cl^  +  2  H, 
Fe  +2HCl  =  Fe  Cl^  +  2  H, 
Mg  +  2  H  CI  =  Mg  Cla  +  2  H. 

This  reaction  takes  place  with  metals  only. 

3rd.  By  the  action  of  hydrogen  chloride  on  the  oxides  of  metab 
when  the  chloride  and  water  is  produced,  as  : 

Zn  O  +  2  H  CI  =  Zn  CI2  +  H^  O, 
Ca  O  +  2  H  CI  =  Ca  CI2  +  Hj  O, 
Mg  O  +  2  H  CI  =  MgCla  +  Ha  O. 

4th.     By  the  action  of  hydrogen  chloride  on  the  hydroxides  of 

the  metals,  as: 

OH  HCl  ,C1  HOH, 

Zn   ^  +  =   Zn(  + 

^OH  HCl  ^Cl  HOH, 

Ca  (0H)2  +  2  H  CI      =  Ca  Clj       +  2  H^  O, 
Mg  (0H)2  +  2  H  CI      =  Mg  Cla      +  2  Hj  O. 

When  an  oxide  or  hydroxide  reacts  in  the  above  manner  it  is 
the  oxide  or  hydroxide  of  a  metal,  and  is  designated  as  a  base; 
while  the  chemical  process  of  forming  a  salt  by  addition  of  an  acid 
to  a  base  or  base  to  an  acid  is  called  neutralization,  (the  acid  or  base 
are  neutralized).  This  term  **base''  is  one  dictated  by  expediency, 
and  when  we  speak  of  a  substance  as  basic  in  character  we  meaa 
it  can  form  an  oxide  or  a  hydroxide  which  will  neutralize  acids. 
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The  reactions  under  3  and  4  are  general  to  all  acids  and  bases,  if 
we  designate  any  metal  by  M,  any  acid  by  HX,  then  the  general 
rule  will  be  that: 

M,  O  +  2  HX  =  2  MX  +  H,  O,  M  OH  +  HX  =  MX  +  H,  O, 
M  O  +  2  HX  =  MX,  +  H,  O,  M(OH)j,+  2  HX  =  MX,  +  2  H,  O, 
M,0,  -f  6  HX  =  2  MX,  +  3  H,  O,         M(OH),+  3  HX  =  MX,  +  3  H,0. 

Thus: 

K,  O  +2HN08=2KN08  +  Hj  O,  KOH  +HN08  =KN08  +  H,0. 
Zn  O  -f2HBr  =ZnBT»  +  Hj  O,  Zii(OH)8 -f-2HN08  =  Zii(N08)« +2H80, 
Al8  08+6HNOi=aAl(N08)8+3H8  0,        Al(OH)8  +  3HN08  =  A1(N08)8 +8H80.^ 

The  metals  differ  among  each  other  in  their  power  of  replacing 
hydrogen  in  acids  to  form  salts,  some  replace  one  atom,  some  two, 
some  three;  but  whatever  the  acid,  this  number  always  is  the  same 
and  can  be  ascertained  from  the  formula  of  the  chloride  of  the 
metal  (as  K  CI,  Zn  Clg,  Al  CI,),  the  metal  will  replace  as  many 
hydrogen  atoms  in  any  acid  as  there  are  chlorine  atoms  in  the 
formula  weight  of  its  chloride,  and  the  hydroxide  will  contain  as 
many  hydroxy le  groups  (OH)  as  there  are  chlorine  atoms  in  the 
chloride.* 

The  reactions  under  2  take  place  between  a  number  of  metals 
and  acids,  but  the  applications  are  much  less  general  than  3  and  4, 
and  often  indeed,  where  the  acid  contains  oxygen,  no  hydrogen  is 
evolved,  but  some  other  substance  is  produced  from  the  acid  by  the 
action  of  the  hydrogen  in  the  nascent  state. 

*  See  pages  29  and  30. 
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CHAPTER  X. 


BROMINE  AND  HYDROBROMIC  ACID. 

Symbol  Br,  atomic  weight  79.95,  specific  gravity  of  fluid  3,187, 
specific  gravity  of  gas,  below  900°,  air  =  l,i8  5.52,  H  =  2  is 
159,3.  Symbol  H  Br,  spedjic  gravity,  air  =  1  is  2.79,  H  =  2 
is  80.7,  1  c.c.  at  0°  and  .76  m.  pressure  weighs  .0036  grams. 

In  many  respects  bromine  resembles  chlorine,  indeed  such  modi- 
fications in  chemical  characteristics  as  it  represents  are  due  simply  to 
its  larger  atomic  weight.  It  has  the  same  tendency  to  unite  with 
metals  to  form  salts  and  hence  is  not  free  in  nature  but  always 
combined  as  bromides,  its  compounds  generally  accompanying  those 
of  chlorine,  yet  always  in  lesser  quantity,  bromine  being  one  of  the 
rarer  elements.  The  bromides  of  sodium  and  magnesium  are  found 
in  the  great  majority  of  salt  springs,  especially  in  those  of  Saratoga 
Springs,  in  the  Saginaw  Valley  and  in  the  southeastern  portion  of 
Ohio  where  the  bromide  of  potassium  also  occurs.  In  Europe  the 
brines  from  the  salt  works  of  Kreuznach  and  Strassfurth  are 
especially  rich  in  bromides.  Marine  fauna  and  flora  also  fre- 
quently contain  bromides.  The  brines  of  the  various  salt  works  are 
evaporated,  thus  crystallizing  the  sodium  chloride  for  the  manufacture 
of  table  salt,  there  remaining  a  not  crystallizable  brine  (mother 
liquor)  which  is  especially  rich  in  bromides.  In  this  mother  liquor, 
Ballard  discovered  bromine  in  1826,  calling  it  bromine  from  fip&/io^, 
a  stench. 

Bromine  is  prepared  from  its  compounds  in  a  manner  entirely 
analogous  to  the  method  used  in  isolating  chlorine.  A  bromide  is 
mixed  with  manganese  dioxide  and  sulphuric  acid  (see  pages  58,  59) 
when  the  following  reaction  takes  place  :^ 

2  Na  Br  +  2  H2  SO4  +  Mn  O^  =  Mn  SO,  +  Na,  SO,  +  2  Br. 

Hydrobromic  acid  and    manganese  dioxide  would  yield   bromine 
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juat  as  hydrochloric  acid  acd  manganese  dioxide  would  give  us 
•hlorine ; 

4  H  Br  +  Mn  0,  =  Mn  Br,  +  2  Br  +  2  H,0 

4  H  01+  MnO,  =  Mu  Clj  +  2  CI  +  2  H,0 

but  owing  to  the  difficulty  of  preparing  hydrobromic  acid  the' latter 

substance  is  an  expensive  article,  so  that  from  reasons  of  economy 

this  latter  method  is  not  available. 

Bromine  ie  a  dark  brown  liquid,  almost  black  when  any  consid- 
erable thickness  is  observed,  it  melts  at  — 7.3°  and  boils  at  63.05°, 
a  point  considerably  below  the 
boiling  point  of  water.  The 
specific  gravity  of  the  liqui 
atO"  is  3.18.  When  the  liquid 
is  allowed  to  stand  in  the  air 
it  evaporates  rapidly  even  at 
ordinary  temperatures,  yield- 
ing reddish  brown  vapors  very 
irritating  to  the  mucous  mem- 
brane of  the  eyes,  nose  and 
throat,  and  possessing  an  odor 
much  resembling  that  of  chlo- 
rine. The  specific  gravity  of 
the  vapor,  air  being  1  at  )ilO0° 
is  5.42,  giving  159.3^88  its- 
density  H  =  2.  This  shows  ' 
that  at  this  temperature  the 
molecule  of  bromine  is  con- 
structed of  two  'atoms  like 
that  of  chlorine,  for  the  atomic 
weight  is  80,  so  that  160  would 
be  the  molecular  weight  of  Br, 

ity  of  the  vapor  decreases  until  it  becomes  3.7  showing  that  at  high 
temperatures  some  of  the  Br^  molecules  have  changed  to  individual 
atoms.  I  I 

Bromine  is  soluble  in  water,  the  solution  having  a  brownish  color 
and  properties  similar  to  those  of  chlorine  water;  one  part  of  bro- 
mine at  15°  being  soluble  in  33  parts  of  water.  If  this  solution  is 
•ooled  to  the  freezing  point  of  water,  crystals  of  a  compound  of 


Above  1200°  the  specific]grav- 
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bromine  with  water  of  crystallization  (2  Br  +  10  HjO)  separate. 
(See  Page  60). 

The  solution  of  bromine  in  water  is  an  oxidizing  agent  and  hence 
bleaches  just  as  chlorine  water  did;  this  property  is  due  to  the  same 
cause,  the  liberation  of  oxygen. 

2Br  +  H20  =  2HBr  +  0. 

The  formation  of  oxygen  becomes  apparent  if  a  tube  containing 
bromine  water  is  inverted  over  a  water  trough  and  exposed  to  the 
sunlight;  oxygen  separates  as  it  did  with  chlorine  water,  although 
perhaps,  not  with  such  great  rapidity.* 

The  compounds  of  bromine  resemble  those  of  chlorine  in  every 
particular  and  the  bromides  and  chlorides  of  the  same  metal  are 
isomorphous.f 

Bromine  does  not  unite  with  hydrogen  as  readily  as  does  chlor- 
ine, its  higher  atomic  weight  rendering  its  chemical  character  less 
negative  and  hence  its  tendency  to  unite  with  metals  less  pro- 
nounced; as  a  consequence  a  mixture  of  bromine  and  hydrogen 
can  be  allowed  to  stand  in  the  sunlight  for  any  length  of  time  with- 
out the  formation  of  hydrobromic  acid;  the  union  is  only  to  be 
brought  about  by  more  energetic  means,  such  as  the  electric  spark 
or  the  passing  of  a  mixture  of  hydrogen  and  bromine  over  platinized 
asbestos. 

The  heat  of  formation  of  hydrobromic  acid  gas  is  only  121  K. 
while  that  of  gaseous  hydrochloric  acid  is  220  K,  so  that  we  would 
expect  it  to  be  decomposed  by  the  application  of  less  energy. 
The  consequences  of  the  resulting  instability  are  unpleasantly  appar- 
ent in  the  difficulties  encountered  in  the  preparation  of  hydrobromic 
acid. 

In  preparing  hydrochloric  acid  we  had  but  to  treat  sodium  chlo- 
ride with  sulphuric  acid,  as  follows: 

2  Na  CI  +  Ha  SO4  =  Na,  SO,  +  2  H  CI,  and 

a  similar  reaction  takes  place  when  a  bromide  is  substituted  for  a 
chloride; 

2  Na  Br  +  H^SO,  =  Na,  SO,  +  2  H  Br ; 

*  Owing  to  the  greater  ease  with  which  bromine  Is  handled  it  is  more  frequently 
in  use  as  a  laboratory  oxidizing  agent  than  is  chlorine, 
t  See  page  (42)  and  foot  note. 
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but  bydrobromic  acid,  being  so  mucb  Ifess  stable  than  hydrochloric, 
breaks  down  into  hydrogen  and  bromine,  after  which  the  nascent 
hydrogen  attacks  the  sulphuric  acid,  reducing  the  latter  to  form 
sulphur  dioxide  and  water: 

1.  2H  Br   =2H  +  2Br 

2..     Ha  SO,  +  2  H  =  2  H2O  +  SO2  ; 

and  as  a  consequence  the  hydrobromic  acid  formed  is  contaminated 
with  sulphur  dioxide. 

In  order  to  prepare  hydrobromic  acid  for  laboratory^use  advan- 
tage is  taken  of  the  instability  of  the  halogen  compounds  of  the  not- 
metals. 

When  P  CI3,  phosphorus  trichloride,  was  added  to  water  the 
following  change  took  place : 


P- 

\ 


CI  +  HjO  H  /OH 

CI  +  HjO  H  =  P  -O  H  +  3  H  CI. 

Cl  +  HJO'H  \0  H 


Phosphorus  trichloride  +  water  =  Phosphorus  hydroxide  (Phosphorous  acid)  +  hydro- 
chloric acid. 

P Cls  +  a  H2O  =  P  (0H)3  +  3  H  Cl. 
The  same  with  phosphorus  tribromide: 

PBr8  +  3H20  =  P(OH)3+3HBr.3, 

In  performing  this  operation  it  is  not  necessary  to  employ  the 
finished  tribromide  of  phosphorus  as  a  mixture  of  phosphorus,  bro- 
mine and  water  will  answer  the  same  purpose. 

Hydrobromic  acid  is  a  colorless  gas,  with  an  acid  odor  resembling 
that  of  hydrochloric  acid;  it  fumes  strongly  in  the  air,  owing  to 
the  absorption  of  moisture;  it  is  extremely  soluble  in  water,  one  part 
of  that  substance  absorbing  as  much  as  82  per  cent,  of  hydrobromic 
acid  and  as  a  consequence  the  gas  cannot  be  collected  over  water. 
If  a  quantity  is  desired  this  must  either  be  separated  by  collecting 
over  mercury  or  by  displacement  of  air  in  some  vessel,  for  as  the 
specific  gravity  of  hydrobromic  acid  is  2.79  it  can  be  poured  down- 
ward. 

As  has  already  been  stated,  hydrobromic  acid  is  much  less 
stable  than  is  hydrochloric  acid  and  therefore  on  adding  chlorine 
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to  the  former,  bromine  is  separated  and  hydrochloric  acid  formed. 

HBr  +  Cl  =  HCl  +  Br. 
In  its  chemical  behavior  hydrobromic  acid  is  like  hydrochloric 
acid.     When  brought  in  contact  with  bases  it  neutralizes   them  U 

form  salts. 

NaOH  +     H  Br  =  Na  Br    +  HOH 

KOH    +     HBr  =  HBr      +HOH 

CaO      +  2HBr  =  Ca  Br^  +  HaO. 

The  methods  of  formation  of  the  bromides  are  analogous  to  those 

of  the  chlorides.     They  are, 

1.  Direct  union  of  the  element  in  question  with   bromine,  this 
applying  to  metal  or  not-metal. 

2.  The  addition  of  a  metal  to  hydrobromic  acid,  when  the  bro- 
mide and  hydrogen  are  formed. 

3.  The  action  of  hydrobromic  acid  on  the  oxides  or  hydroxides 
of  the  metals,  when  the  bromides  and  water  are  produced. 

Hydrobromic  acid  is  formed  of  one  volume  of  hydrogen  and  one 
volume  of  bromine  vapor  united  to  form  2  volumes  of  hydrobromic 
acid,  the  same  considerations  advanced  under  chlorine  show  that  the 
bromine  molecules,  provided  the  temperature  be  not  too  high,  con- 
sist of  two  atoms  to  the  molecule.     (See  pages  68,  69,  70.) 
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CHAPTER  XI. 


IODINE  AND  HYDROIODIC  ACID. 

Symbol  I,  atomic  weight  126,85,  spedfie  weight  4,948,  specific  toeight 
of  vapor,  air  =  1,  is  8.76  {below  600°),  H  =■-  2  is  253.56.   Symbol 
HI,  specific  weight,  air  =^  1,  is  4,41,  H  =^  2  is  127.2,  1  c.c.  of  the 
gas  at  0°  and  .76  m,  weighs  .0057  grams. 

This  last  member  of  the  halogene  family  is  not  found  as  such  in 
nature,  in  that  way  it  resembles  fluorine,  chlorine  and  bromine;  its 
compounds,  although  they  occur  in  company  with  those  of  chlorine 
and  bromine  in  almost  all  their  deposits,  are  not  found  by  any  means 
in  such  large  quantities.  The  element  occurs  in  sea  water  as  the 
iodide  of  sodium  or  magnesium,  although  in  such  small  quantities 
that  its  presence  cannot  be  proved  unless  some  special  means  are 
taken  to  separate  it.  8ea  plants  such  as  the  algae,  as  well  as  repre- 
sentatives of  the  animal  kingdom,  sea  sponges,  crabs,  oysters,  etc., 
can  assimilate  and  concentrate  those  traces  of  iodides  so  that,  on 
drying  and  burning,  iodine  can  easily  be  proved  to  be  present  in  the 
ashes.  The  iodides  occur  in  salt  springs,  in  deposits  of  rock  salt,  in 
a  number  of  mineral  springs  as  at  Kreuznach  and  Reichenhall,  in 
river  water  and  also  in  some  water  plants  growing  in  flowing  fresh 
water. 

The  element  was  discovered  in  1811  by  Courtois,  a  saltpeter 
manufacturer  in  t^aris,  who  found  its  compounds  in  the  mother- 
liquors  left  after  extracting  the  ashes  of  sea  plants  and  crystallizing 
the  less  soluble  portions.  The  name  iodine  is  from  Hiodi)^,  violet. 
The  weed  which  is  washed  up  on  the  islands  on  the  western  coast  of 
Scotland  or  of  Ireland  or  on  the  coast  of  Normandy  by  the  spring 
storms,  or  that  which  grows  upon  the  rocks,  is  dried  and  burned,  the 
fused  mass  remaining  as  the  ash  is  brought  into  the  market  under 
the  Scotch  name  of  kelp  or  Normanic,  varec.  The  amount  of 
iodine  contained  in  this  as  iodides  is  very  small  and  is  extracted 
from  the  last  remaining  mother-liquors  obtained  by  crystallizing  the 
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aqueous  extract  of  kelp.  The  method  of  preparation  of  iodine  is 
identical  with  that  of  chlorine  or  bromine;*^  the  iodide  is  treated  with 
sulphuric  acid  and  manganese  dioxide : 

Mn  O2  +  2  KI  +  2  Ha  SO,  =  Mn  SO,  +  K,  SO,  +  2  H,  O  +  2 1. 

In  order  to  purify  the  iodine  it  is  sublimed,  the  iodine  bein^  heated 
in  retorts  and  collected  as  crystals  in  cold  chambers. 

The  element  is  an  almost  black,  greyish  solid,  with  a  luster 
closely  resembling  that  of  the  metals,  when  pure  and  fused  it  i& 
entirely  black,  in  thin  plates  it  is  translucent  with  a  brownish-red 
color.  Its  specific  weight  is  4.94,  it  melts  at  113^-115^  and  boib 
at  200°,  when  heated  in  a  vacuum  it  does  not  melt  but  vaporizes 
without  fusion.  The  vapor  of  iodone  has  a  beautiful  violet  color* 
and  a  specific  gravity,  air  being  1,  of  8.84  below  600°,  giving  a 
density,  H  =  2  of  255.21,  showing  that  below  this  temperature 
iodine  has  a  molecule  consisting  of  two  atoms,  I,,  but  if  the  heat  i& 
gradually  increased  the  specific  gravity  of  the  vapor  diminishes,  so 
that  at  1500°  it  is  only,  air  =  1,  5.67,  or  H  =  2, 163.69,  indicating 
that  the  vapor  of  iodine  at  bright  red  heat  consists  of  a  mixture  of 
the  individual  atoms,  and  the  molecules  I2,  dissociation  beginning 
above  600°.  Iodine  is  but  very  litle  soluble  in  water,  about  7000 
parts  of  water  dissolving  one  part  of  iodine,  but  water  containing 
salts  in  solution  has  a  greater  solvent  action;  some  solutions  such  as 
those  of  potassium  iodide  and  of  hydroiodic  acid  have  the  power  of 
dissolving  large  quantities  of  iodine,  the  element  is  also  extremely 
soluble  in  substances  such  as  alcohol,  ether,  carbon  bisulphide  or 
chloroform. 

Chemically,  iodine  resembles  chlorine  or  bromine,  it  unites  with 
sulphur,  phosphorus  and  other  not-metals  with  which  the  other 
halogenes  form  compounds,  in  combination  with  the  metals  it  forms 
iodides,  and  if  hydrogen  mixed  with  iodine  vapors  is  passed  over 
spongy  platinum  heated,  some  hydroiodic  acid  is  formed,  although 
hydroiodic  acid  is  an  endothermic  compound  and  therefore  possesses 
more  energy  than  the  individual  elements  of  which  it  is  composed. 

When  the  preparation  of  hydrobromic  acid  was  mentioned  we 
saw  that  the  method  available  for  hydrochloric  acid  was  not  feasible 

*  Observe  the  same  by  throwing  some  iodine  on  a  hot  stove  or  into  a  hot  porce- 
lain  crucible. 
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o^iring  to  the  relative  instability  of  hydrobromic  acid,  the  latter 
breaking  down  into  -hydrogen  and  bromine,  while  the  hydrogen 
reduced  the  sulphuric  acid  to  sulphurous  acid.  As  a  consequence 
we  were  compelled  to  use  the  reaction  depending  on  the  decomposi- 
tion of  the  bromide  of  phosphorus  by  water.  We  could  not,  there- 
fore, expect  to  obtain  hydroiodic  acid  by  the  action  of  sulphuric  acid 
on  sodium  iodide,  for  hydroiodic  acid  decomposes  even  more  readily 
than  hydrobromic,  the  reaction  taking  place  so  energetically  that 
sulphuretted  hydrogen  (Hj  S)  is  produced.  If  we  write  the 
equations  representing  the  action  of  hydrobromic  and  hydroiodic 
acid  upon  sulphuric  acid,  this  relative  instability  at  once  becomes 
apparent, 

Ha  80,  +  2  H  Br  =  2  H,  O  +  80^        +  2  Br, 
Ha  80,  +  3  HI      =  Ha  8      +  4  Ha  O  +  8  I, 

for  in  the  latter  case  the  reduction  is  much  more  energetic  and  far- 
reaching.* 

In  the  preparation  of  hydroiodic  acid  therefore,  we  are  compelled 
to  resort  to  a  round-about  method  similar  to  that  employed  in  the 
production  of  hydrobromic  acid;  the  reaction  used  depending  on  the 
instability  of  the  iodide  of  phosphorus  in  the  presence  of  water. 

PI3  +  3  Ha  O  =  P  (0H)3  +  3  HI. 

Of  course  a  mixture  of  iodine,  water,  and  red  phosphorous 
answers  the  purpose.'*  Hydroiodic  acid  can  be  collected  in  empty 
jars  by  displacement  of  air,  or  it  can  be  collected  over  mercury;  its 
extreme  solubility  in  water  renders  the  filling  of  vessels  with  the  gas 
impossible  where  watftr  is  present. 

Hydroiodic  acid  1^  a  colorless  gas  with  the  acid  odor  of  hydro- 
chloric or  hydrobromic  acid,  it  fumes  in  the  air,  owing  to  absorption 
of  moisture.  Its  specific  weight  is  4.37,  air  being  1,  H  being  2,  it 
is   126;   the  molecular  weight  of  HI  is   127.85,  the    discrepancy 

*Thi8  reaction  illustrates  quite  well  the  influence  exerted  by  the  mass  of  the  cherai- 
«al  rea^ntRused.  II  a  large  excess  of  sulphuric  acid  and  but  little  hydroiodic  are  present, 
a  considerable  quantity  of  sulphur  dioxide  (SOs)  is  produced,  while  fl^nerally  more  or 
leu  sulpnur  is  deposited.   These  changes  are  represented  by  the  equations : 

H2  SO4  +6HI«4H2  0  +  S       +61, 

H2  8O4  +  2  HI  =»  2  H2  O  +  SO2  +21. 
Under  ordinary  conditions,  in  a  test  tube,  all  of  these  changes  take  place  at  the  same 
time  so  that  the  equation  given  in  the  text  only  represents  one  of  the  various  changes 
going  on.  a  variation  of  temperature  or  mass  of  the  reagents  can  alter  the  proportions  of 
Hf  8,  sulphur  or  SO2  produced. 

6 
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between  the  observed  specific  gravity  and  the  molecular  weight 
being  due,  undoubtedly,  to  the  difficulties  encountered  in  obtaining 
pure  hydroiodic  acid.  Hydroiodic  acid  is  quite  easily  condensed  to 
a  liquid;  at  — 17.8^c.  its  vapor  tension  is  but  two  atmospheres,  it 
solidifies  at  — 51^c.  On  heating,  hydroiodic  acid  is  easily  decom- 
posed, the  change  into  hydrogen  and  iodine  beginning  at  180^  and 
being  complete  at  700^.  Chlorine  decomposes  hydroiodic  acid  with 
explosive  violence,  forming  hydrochloric  acid  and  iodine. 

Hydroiodic  acid  13  composed  of  equal  volumes  of  hydrogen  and 
iodine;  two  volume h  of  hydroiodic  acid  yield  one  of  hydrogen 
and  one  of  iodine,  provided  the  temperature  be  kept  sufficiently  high 
to  vaporize  the  iodine  formed.  The  gas  is  extremely  soluble  in 
water,  the  solution  when  saturated  at  12^  contains  57.7  per  cent, 
of  hydroiodic  acid;  it  must  be  kept  well  stoppered  and  in  the  dark; 
for,  when  exposed  to  the  air  a  separation  of  iodine  takes  place, 
owing  to  the  formation  of  water,  as  follows: 

2  HI  +  O  =  Hj  O  +  2  I. 

Hydroiodic  acid  has  a  strongly  acid  reaction,  turning  blue  litmus 
solution  red  and  in  all  respects  resembling  hydrochloric  and 
hydrobromic  acids,  the  methods  of  formation  of  the  iodides  being 
exactly  like  those  of  bromides  and  chlorides.  The  heat  of  forma- 
tion  of  gaseous  hydroiodic  acid  from  hydrogen  and  solid  iodine  is 
— 61  K,  from  gaseous  iodine  and  hydrogen  almost  nil,  the  heat  of 
solution  is  192  K,  so  that  the  heat  of  formation  of  hydroiodic  acid 
in  water  is  131  K.  The  gaseous  acid  is  therefore  an  endothermic 
compound,  )K)ssessing  a  tendency  to  decompose  into  its  constituent 
parts;  the  solution  possesses  much  less  chemical  energy  and  hence 
greater  stability.  In  the  following  table  a  comparison  of  the 
properties  of  the  halogenes  has  been  undertaken,  their  differences 
with  increasing  atomic  weight  thus  becoming  more  apparent. 


Density  of  liquid . . 


THE  HALOGENES. 

F. 

Cl. 

Br. 

I. 

Colorless 

Greenish 

Dark 

Black 

gas. 

yellow 

browu 

solid. 

gas. 

liquid. 

• 

1.33 

3.18 

4.97 
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Density  Of  C^-=l—  ^.45  5.54  8.7 

vapor.    I  jj  ^  2  ^  70.73  159.9  254. 

Molecule  of  gaseous 

element Cl^  Bra  Ij 

The  density  of  iodine  vapor  at  447°  is  8.7,  at  1500°  the  density  is 
4.76  which  yields  137.4  as  the  density,  H  :;=  2.  Dissociation  is 
therefore  almost  complete  at  this  temperature,  so  that  the  molecule 
and  atom  of  I  nearly  correspond. 

HF.  HCl.  HBr.  HI. 

Stability. 

Heat  of  form- 
ation   H,C1=220K.    H,Br=84K.  H,I=— 61K. 

Ditto,    plus 

water 393  K.  283  K.  131 K. 

Chlorine  replaces  bromine  when   brought  in  contact  with  bro- 
mides and  iodine  when  brought  in  contact  with  iodides. 
Bromine  replaces  iodine  in  the  iodides. 
Fluorine  liberates  oxygen  from  water,  even  in  the  dark. 

2  F  +  Ha  O  =  2  HF  +  O. 

Chlorine  liberates  oxygen  from  water  in  the  sunlight. 

2  CI  +  Ha  O  =  2  H  CI  +  O. 

Bromine  liberates  oxygen  from  water  in  the  sunlight  more  slowly 
than  CI. 

Iodine  does  not  decompose  water. 
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CHAPTER  XIII. 


THE  OXYGEN  FAMILY. 

Three  elements — sulphur,  selenium  and  tellurium — show  a  rela- 
tionship toward  oxygen  similar  to  that  displayed  by  chlorine,  bro- 
mine and  iodine  toward  fluorine.  With  increasing  atomic  weights 
we  have  similar  changes  in  the  physical  properties  of  the  elemente, 
illustrating  the  decreasing  not-metallic  characteristics  of  the  family; 
oxygen  being  a  colorless  gas,  sulphur  a  yellow  solid,  selenium  a 
dark  red  solid  in  one  of  its  allotropic  forms,  while  tellurium  is  an 
element  having  entirely  the  appearance  of  a  metal.  All  of  the 
elements  of  this  family  form  hydrogen  compounds  which,  with  the 
exception  of  water,  are  colorless  gases  at  ordinary  temperatures.  In 
this  they  resemble  the  halogenes,  for  in  that  family  the  hydrogen 
compound  of  the  element  with  the  smallest  atomic  weight,  fluorine, 
is  liquid  at  ordinary  temperatures;  the  compounds  with  hydrogen,  of 
the  members  of  the  oxygen  family,  however,  have  one  atom  of  the 
element  united  to  two  of  hydrogen,  these  atoms  therefore  display 
a  power  of  retaining  hydrogen  atoms  in  close  proximity  which  is  twice 
as  great  as  that  possessed  by  the  halogenes;  the  formulae  are  HgO,  HjS, 
HaSe,  HgTe.  The  stability  and  heat  of  formation  of  these  com- 
pounds diminishes  with  increasing  atomic  weight,  accompanying  the 
decreasing  not-metallic  properties  of  the  elements  in  a  manner  exactly 
parallel  to  the  similar  changes  in  the  halogene  family,  so  that  hydro- 
gen selenide  decomposes  at  about  the  same  temperature  as  hydro- 
iodic  acid  (150°)  while  hydrogen  telluride  is  not  known  in  a  pure 
state  and  decomposes  even  at  ordinary  temperatures,  if  in  contact 
with  the  air.  The  hydrogen  compounds  of  this  family  are  by  no 
means  as  acid  in  their  properties  as  those  of  the  halogenes  * — indeed, 
water  does  not  redden  litmus,  while  hydrogen  sulphide,  selenide  or 
telluride  do  not  turn  blue  litmus  into  a  pronounced  red.    The  hydro- 

*  The  acid  properties  of  the  hydrogen  compounds  of  the  not-metals  diminish 
with  an  increase  in  the  number  of  hydrogen  atoms  in  the  molecule. 
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gen  compoundB  of  tbe  three  latter  elements  are  much  less  soluble  in 
water  than  those  of  the  halogenes. 

In  comparing HF,  H,0,  and  H,N  we  see  that  hydrofluoric  acid, 
BB  its  name  implies,  is  a  pronounced  acid;  water  only  acts  like  an 
acid  when  brought  in  contact  with  the  most  pronounced  metals  such 
as  sodium  cr  potassium,  (sometimes  it  can  act  asa  base), while  ammonia, 
HjN,  is  basic  in  its  character.  This  gradation  of  properties  is  possibly 
due  to  the  increasing  predominence  of  the  positive  element,  for  it  is 


obvious  that  three  hydrogen  atoms  will  have  a  much  greater  effect 
in  determining  the  nature  of  a  compound  than  one;  hence  H^  as  an 
entire  compound  is  positive.  As  the  negative  element  in  the  hydro- 
gen compounds  increases  in  atomic  weight  its  larger  mass  may  cause 
its  character  to  become  more  prominent;  hence  Hj  Sb  is  not  basic, 
aotimony  having  next  to  the  highest  atomic  weight  in  the  family 
of  which  nitrogen  is  a  member. 


86  A  TEXT-BOOK  OP 

The  study  of  the  hydrogen  compounds  of  the  oxygen  family  is 

less  completely  finished  than  is  that  of  the  corresponding  compounds 
of  the  halogenes,  for  hydrogeji  selenide  and  hydrogen  telluride  have 

rarely  been  prepared  in  a  pure  state. 

The   elements  of  this   family,  with  the   possible  exception  of 

tellurium,  exist  in  two  allotropic  forms.     They  form  compounds  with 

oxygen  which  are  anhydrides  of  acids,  the  study  of  which  will  be 

deferred.     The  compounds  of  sulphur,  selenium  and  tellurium  with 

the  metals  have  formulae  which  correspond  to  those  of  the  oxides, 

thus: 

NajO  Na^S.  Na^Se  Na^Te 

Sodium  oxide;  Sodium  sulphide;    Sodium  selenide;   Sodium  telluride. 

FeO,  FeS.  Fe  Se  FeTe 

Ferrous  oxide;  Ferrous  sulphide;  Ferrous  selenide;  Ferrous  telluride, 

furnish  a  few  examples. 

Oxygen  has  already  been  discussed,  so  that  the  study  of  this 
family  will  be  continued  with  sulphur. 
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CHAPTER  XIV. 


SULPHUR. 

Atomic  weight  32,06 y  symbol  S,  specific  gravity  of  solid  2.045,  specifi>c 

gravity  of  vapor  (above  1000^)  air  =  1,  is  2,2,  hydrogen  =  2,  is 

63,3. 

Sulphur  is  found,  often  in  company  with  gypsum  or  limestone, 
in  volcanic  regions  such  as  those  of  southern  Italy  and  of  Sicily.  In 
Europe  the  largest  quantities  come  from  the  provinces  of  Girgenti 
and  Catania  in  Sicily;  the  crater  of  the  volcano  Purace  in  South 
America,  with  a  surface  of  about  1200  square  yards,  is  covered  with 
a  layer  of  sulphur  more  than  a  yard  in  thickness;  while  in  our  own 
country  considerable  quantities  of  sulphur  are  found  in  California. 
The  element  occurs,  combined,  chiefly  in  the  sulphides,  the  most  im- 
portant of  which  are  the  sulphide  of  iron  Fe  Sa,  iron  pyrites;  Pb  S, 
galenite;  Zn  S,  zinc  blende  and  Cu  Fe  Sj,  chalcopyrite.  Sulphur 
also  occurs  united  with  oxygen  and  a  metal  in  the  sulphates  of 
calcium,  Ca  SO4,  barium,  Ba  SO4,  Magnesium,  Mg  SO^,  etc.;  the 
most  important  of  these  is  gypsum,  Ca  SG^  +  2  Hj  G.  Many  organic 
compounds  such  as  mustard  oils  contain  sulphur. 

Sulphur  has  been  known  from  very  ancient  times,  having  been 
used  as  a  medicine  by  the  Greeks  and  Eomans.  The  alchemists 
considered  it  an  essential  portion  of  all  combustible  substances,  while 
during  the  period  in  which  the  phlogiston  theory  was  believed  in,  it 
was  looked  upon  as  a  compound  of  sulphuric  acid  with  phlogiston. 
After  our  present  chemical  theories  •  were  initiated  by  Lavoisier/s 
studies  on  oxidation,  sulphur  was  classed  as  an  element. 

Of  course 9  as  sulphur  is  found  uncombined,  any  method  for  pre- 
paring the  element  from  its  compounds  is  of  no  essential  value  in  the 
laboratory.  Sulphur  might  be  furnished,  just  as  was  chlorine, 
bromine  or  iodine,  by  treating  its  hydrogen  compound  with 
some  oxidizing  agent,  for  instance  by  mixing  a  sulphide  with 
manganese   dioxide   and   adding  sulphuric  acid,  which  would  be  a 
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In  it«  chemical  behavior,  in  many  respects,  sulphur  closely  resem- 
bleB  oxygen ;  where  the  former  metal  forms  oxides,  the  latter  forms 
sulphides  with  similar  formulsa: 

OXIDES. 

Na,0, 

Fe  O, 
Fe,0,, 

P»  o,. 

and  the$>e  sulphides  can  be  prepared  by  direct  union  of  the  elements, 
ju;st  a«i  were  the  oxide$«  Furthermore  there  are  sulphydrates,  which 
correspond  to  the  hydroxides  in  formula: 

Na  OH.  Ka  SH, 

KOH.  KSH. 

The  sulphide:?  jind  sulphydmtes  of  the  metals  resemL!*.  the  bases; 
with  aoid^  they  fonu  ssilt*  and  sulphureued  hydrogen,  while  the 
latter  fom^s  siilt^  and  water,  thus: 

Na,  S  ^  >  H  CI  =  >  Xa  01  -r  H,  S, 
Na,  O  -  ^2  H  01  =  2  Xa  01  -^  H,  S. 
Xa  8H  ^  H  01  =  Xa  n  -K  H,  O, 
X«  OH  -     H  01  =     Xa  Ol  ^  H,  O  * 

TW  ^r.lpViiii^^jJ-  of  xhe  not -metals  soTi^oiimes  resemble  the  anhy- 
driiios  of  aoids:  fonivinir  salt??  with  the  sulphides  of  the  metals,  in 
5!«vh  SA^tts  tho  oxycon  hiis  bw^n  m^jaoe+i  by  snlphur,  for  example: 

Oj\:  -^       Xa,S        =  Xa^OS, 

t^»rK>r.  fi*o\?<1r     -      S*>.'  nn.  o\>^<:    —         Sodinn.  cftrbonmtR. 

In  tho'ao  rojiotTons  o.srK^n  >•  ^slpV.iilr  and  s^rtimn  snlpbide  bear  the 
sft?r.<r  rolftiiop^hip  to  oaoh  Oiho' wi  ^^^v'iun;  oxiiie  and  carbon  dioxide 
do.  Srloh^r  a]«<^  TV'^^^n^b^os  <  '  .rino.  bromine  or  iodine.,  in  some 
Ways,  for  t^c  ^r."!oV\io<^  o.<»n  Iv  pTo|v«rod  as  wew  tbe  camponndB  of 
tho«^  o!omo\rv:   tor  ovampk^   whon    phosnbonis   and   snlplii 
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thick  that  it  can  no  longer  be  poured;  at  about  340°  it  once  more 
becomes  fluid,  but  remains  of  a  dark  color.  Its  boiling  point  lies 
at  440°  centigrade  which  temperature  it  changes  to  a  dark  brown 
vapor.*®  The  specific  gravity  of  this  vapor,  air  being  1,  at  about  470° 
is  7.9  but  upon  increasing  the  temperature  this  gradually  diminishes 
until  1000°is  reached  when  the  density  is  2.3.  At  the  latter  temper- 
ature the  molecule  of  sulphur  resembles  that  of  oxygen,  hydrogen 
and  chlorine,  for  it  consists  bf  two  atoms.* 

Sulphur  exists  in  two  allotropic  forms;  one  soluble  in  carbon 
bisulphide,  the  other  insoluble.  The  soluble  can  be  partially 
changed  into  the  insoluble  one  by  melting  or  by  exposure  to  the 
sunlight.  Both  forms  occur  in  the  sulphur  of  commerce,  flowers  of 
sulphur  being  especially  rich  in  the  insoluble  variety. 

Sulphur  can  exist  in  four  crystalline  forms,  only  two  of  which 
are  easily  obtainable  and  of  importance. f  When  deposited  from  its 
solutions  in  carbon  bisulphide,  it  crystallizes  in  octahedra  belonging 
to  the  rhombic  system  (Fig.  25),  but  if  sulphur  is  melted  and 
allowed  to  cool  slowly  it  forms  long  prismatic  needles,  (monoclinic 
system)  as  .in  Fig.  26.^*  The  latter  form  changes  into  the  former 
on  standing;  the  needles  becoming  opaque  and  while  apparently 
retaining  their  crystalline  form,  finally  consist  only  of  an  aggrega- 
tion of  rhombic  crystals.  During  this  process  heat  is  evolved,  and 
therefore  the  rhombic  stable  variety  of  sulphur  possesses  less  energy 
than  the  other. 

Sulphur,  when  heated  to  just  below  its  boiling  point  and  subse- 
quently rapidly  cooled  by  pouring  into  cold  water,  forms  a  plastic 
mass  somewhat  resembling  india  rubber;  this  gradually  becomes  hard 
and  changes  to  yellow  sulphur.  The  soft  sulphur  is  dark  in  color, 
probably  by  reason  of  impurities;  it  contains  both  soluble  and  insol- 
uble sulphur;  sulphur  crystals  are  sometimes  entirely  soluble.  J 

*  It  l8  generally  considered  that  the  molecule  of  sulphur  consists  of'  six  atoms  aft 
temperatures  Just  above  the  boiling  point;  but  the  recent  investigations  of  Biltz  seem  to 
show  that  sulphur  has  no  definite  vapor  density  below  1000*.  Molecules  of  greater  com- 
plexity than  Ss  may.  exist;  these  gradually,  with  increasing  temperature,  decompose  into 
simpler  ones.  The  specific  gravity  of  7.9  indicates  (hydrogen  being  2)  a  specific  gravity  of 
827.5  which  Corresponds  to  a  molecule  S?. 

t  A  substance  which  exists  in  two  crystaUine  forms  is  said  to  be  dimorphous, 
one  existing  in  three,  trimorphous,  one  existing  in  many,  polymorphous. 

t  Plastic  sulphur  is  ofton  formed  when  sulphur  is  separated  from  its  com- 
pounds by  chemical  means,  as  for  instance  in  the  oxidation  of  many  of  the  sulphides 
of  metals  with  nitric  acid. 
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In  its  chemical  behavior,  in  many  respects,  sulphur  closely  resem- 
bles oxygen ;  where  the  former  metal  forms  oxides,  the  latter  forms 
sulphides  with  similar  formulae : 

OXIDES.  .  SULPHIDES. 

Na,  O,  Na^  S, 

Kj  O,  K^  O, 

Fe  O,  Fe  S, 

FesO,,  Fe,S„ 

and  these  sulphides  can  be  prepared  by  direct  union  of  the  elements, 
just  as  were  the  oxides.  Furthermore  there  are  sulphydrates,  which 
correspond  to  the  hydroxides  in  formula: 

Na  OH,  Na  SH, 

KOH,  KSH. 

The  sulphides  and  sulphydrates  of  the  metals  resemL!?.  the  bases; 
with  acids  they  form  salts  and  sulphuretted  hydrogen,  while  the 
latter  forms  salts  and  water,  thus: 

Na,  S  +  2  H  CI  =  2  Na  CI  +  Ha  S, 
Na,0  +2HCl  =  2NaCl  +  H2S, 
Na  SH  +  H  CI  =  Na  CI  +  H^  O, 
Na  OH  +     H  CI  =     Na  CI  +  H2  O.* 

The  sulphides  of  the  not-metals  sometimes  resemble  the  anhy- 
drides of  acids;  forming  salts  with  the  sulphides  of  the  metals,  in 
such  salts  the  oxygen  has  been  replaced  by  sulphur,  for  example : 

CS2  +       Na^S        =  Na^CSg 

Carbon  dlsulphide  +  Sodium  sulphide  =-  Sodium  sulphocarbonate. 

CO2  +       Na,0       =  Na,COs 

Carbon  dioxide    +     So^'Jum  oxide   =         Sodium  carbonate. 

In  these  reactions  carbon  bi^'Jphide  and  sodium  sulphide  bear  the 
same  relationship  to  each  other  ar  sodium  oxide  and  carbon  dioxide 
do.  Sulphur  also  resembles  c'^^jrine,  bromine  or  iodine,  in  some 
ways,  for  the  sulphides  can  be  prepared  as  were  the  compounds  of 
those  elements;  for  example   when   phosphorus    and    sulphur  are 

*  Many  sulphides  are  not  attacked  by  acids  under  ordinary  circumstances  and 
the  same  may  be  said  of  a  number  of  oxides.  Many  such  are  found  as  minerals. 
Whenever  the  sulphides  are  dissolved  by  acids,  they  act  like  bases. 
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Heated  together,  a  sulphide  of  phosphorus  is  formed,  just  as  was  the 
case  when  phosphorus  was  heated  in  chlorine,  for  then  a  chloride  was 
produced.  Iron-filings  heated  with  sulphur  will  form  the  sulphide 
of  iron,  just  as  th^  same  substance  heated  with  chlorine  will  form  the 
cliloride.  Besides  the  above  resemblances,  many  of  the  sulphides  of 
tlie  not-metals  are  decomposed  by  water,  forming  an  acid  and  hydro- 
gen sulphide,  just  as  the  chlorides  of  the  same  elements  are  decom- 
posed forming  an  acid  and  hydrogen  chloride,  for  example: 

1.  Pa  Ss  +  6  H2  O  =  2  Hg  POs  +  3  H2  S, 

2.  Pa  S5  +  8  H2  O  =  2  Hs  PO,  +  5  H2  S. 

1.  PCl3+3H20=     HsPOg  +  SHCl, 

2.  PCI5  +  4  H2  O  =     Hg  PO,  +  5HC1. 

The  acid  formed  in  reactions  1  is  phosporous  acid,  in  reactions  2  is 
phosphoric  acid.  The  tendency  to  form  oxygen  compounds  of  the 
not-metals  in  most  cases  is  greater  than  that  to  form  similar  com- 
pounds of  the  other  elements. 
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CHAPTEK  XV. 


SULPHURETTED  HYDROGEN. 

Symbol  H^S,  specific  gravity,  air  =  i,  is  1,17,  H  =  2,  is  33.7,  1  c.c. 
of  gas  weighs  .00152  grams. 

Sulphuretted  hydrogen  occurs  mixed  with  other  gases  and  vapors 
in  some  volcanic  exhalations,  and  also  sometimes  in  coal  and  other 
mines.  As  it  is  one  of  the  products  of  the  decay  of  various  animal 
and  vegetable  substances,  it  is  necessarily  frequently  present  in  the 
atmosphere  and  in  water.  Many  sea  plants  exposed  to  the  sun's  rays 
give  off  sulphuretted  hydrogen  and  when  organic  substances  such 
as  bituminous  coal,  which  contain  sulphur,  are  heated  without  access 
to  the  air,*  sulphuretted  hydrogen  is  found  in  the  gases  given  off. 
Many  mineral  waters  contain  large  quantities  of  sulphuretted  hydro- 
gen; these  come  from  sulphur  springs;  the  gas  can  be  detected  by  its 
peculiar  odor,  which  resembles  that  of  rotten  eggs. 

Sulphuretted  hydrogen  has  certainly  been  known  since  the 
sixteenth  or  seventeenth  century;  later  it  was  more  accurately 
studied  by  Scheele,  who  considered  it  as  composed  of  heat,  sul- 
phur and  phlogiston.  After  Lavoisier's  time  its  true  nature  was 
explained. 

Sulphuretted  hydrogen  can  be  prepared  with  some  difficulty  by 
passing  hydrogen  through  molten  sulphur.  When  we  recall  that 
hydrogen  unites  with  explosive  violence  with  either  oxygen  or 
chlorine;  the  diminished  energy  with  which  hydrogen  and  sulphur 
or  hydrogen  and  bromine  unite,  becomes  apparent.  Sulphuretted 
hydrogen  is  prepared  for  laboratory  use  by  the  action  of  some  acid 
on  a  sulphide;  for  instance: 

Fe  S  +  Ha  SO,  =  Fe  S0,+  Hj,  S, 
Fe  S  +  2HCl  =  Fe  01,  +  Hj  S, 
Zn  S  +  Ha  SO,  =  Zn  SO,  +  H,  S, 

*  Called  dry  distillation. 
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the  oxide   or  the   chloride  would    act  in   exactly  the  same  way: 

FeO  +  H2  SO,  =  Fe  80,  +  Hj  O, 
Fe  CI2  +  Ha  SO,  =  Fe  80,  +  2  H  CI, 
ZnO  +  Hj  80,  =  Zn  SO,  +  H^  O, 
Zn  CI2  +  H2  SO,  =  Zn  SO,  +  2  H  CI, 

so  that  there  is  no  essential  difference  between  the  action  of  a  base 
and  that  of  these  other  compounds  in  the  presence  of  sulphuric  acid; 
indeed  were  sulphides  and  chlorides  and  not  oxides  the  most  frequent 
chemical  compounds,  or  were  hydrochloric  acid  and  sulphuretted 
hydrogen  and  not  water  produced  in  many  reactions,  the  term  base 
would  never  have  been  used  to  designate  the  oxide.*® 

Sulphuretted  hydrogen  is  a  colorless  gas  with  an  intensely  disa- 
greeable odor;  it  liquifies  at  a  temperature  of  11°  with  a  pressure  of 
fifteen  atmospheres.  It  boils  at  ordinary  pressures  at — 61.8°  and 
becomes  solid  at — 85° ;  it  is  tolerably  soluble  in  water,  for  at  ordinary 
temperatures  one  volume  of  water  dissolves  two  volumes  of  the  gas. 
The  solution  slightly  reddens  litmus,  but  the  red  color  disappears  on 
exposure  to  the  atmosphere.  Sulphuretted  hydrogen  is  very  poisonous; 
when  inhaled  in  small  quantities  it  causes  headache,  loss  of  appetite, 
dizziness,  and  inflammation  of  the  eyelids,  while  persons  who  have  been 
poisoned  by  sulphuretted  hydrogen  often  have  fainting  spells  at  inter- 
vals during  some  weeks.  Death  may  be  caused  by  sij!  of  a  volume 
of  sulphuretted  hydrogen  in  the  atmosphere. 

When  a  stream  of  the  gas  is  lighted,  it  burns  to  form  water  and 
sulphur  dioxide,  a  mixture  of  two  volumes  of  sulphuretted  hydro 
gen  and  three  of  oxygen  is  highly  explosive;  where  an  insufficient 
supply  of  oxygen  is  present  during  the  combustion  of  the  gas,  it 
deposits  sulphur.  Both  chlorine  and  bromine  decompose  sulphur- 
etted hydrogen  in  a  manner  similar  to  oxygen,  forming  hydrobromic 
or  hydrochloric  acid : 

H2S+  O  =  H^O-fS, 
H2  S  -h  2  CI  =  2  H  CI  +  S, 
Ha  S  +  2  Br  =  2  H  Br  -f  S. 

In  each  of  these  three  cases  the  reason  for  the  reaction  is  found  in 
the  excess  of  the  heat  of  formation  of  water,  hydrochloric  acid  and 
hydrobromic  acid  over  that  of  sulphuretted  hydrogen.  Iodine  does 
not  decompose   sulphuretted   hydrogen  when  no  water  is  present, 
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because  in  the  production  of  hydroiodic  acid  heat  is  absorbed,  bat 

if  the  reaction  takes  place  in  contact  with  water,  the  heat  of  solution 

of  hydroiodic  acid  is  sufficient  to  cause  the  following  change  to  take 

place: 

Ha  S  +  2  I  =  2  HI  +  8. 

The  foregoing  will  be  understood  by  placing  the  heats  of   forma- 
tion of  these  various  compounds  side  by  side : 

H2  O     =  684  K, 

2  H  CI  =  440  K, 

2  H  Br  =  186  K, 

2  HI     =  —  122  K,  while 

2  HI  dissolved  in  water  =  262  K. 

Now,  the  heat  of  formation  of  sulphuretted  hydrogen  is  but  27  K, 
the  heat  of  solution  in  water  is  46  K,  therefore  the  heat  of  formation 
of  hydrogen  sulphide  in  water  is  73  K;  a  number  is  much  smaller 
than  any  of  those  given  above. 

Hydrogen  sulphide  is  readily  decomposed  into  its  elements,  just 
as  were  hydrobromic  and  hydroiodic  acids,  so  that  the  former  cannot 
be  prepared  in  the  presence  of  concentrated  sulphuric  acid  any  more 
than  the  two  latter  could,  and  it  follows  that  sulphuretted  hydrogen 
cannot  be  dried  by  being  passed  through  sulphuric  acid.  A  hot  wire 
placed  in  the  gas  will  dissociate  it;4i  no  change  in  the  volume 
takes  place,  because  the  volume  of  the  sulphur  separated  is  minimal 
when  compared  with  the  volume  of  the  gas  as  a  whole,  and  therefore, 
the  hydrogen  occupies  the  same  space  as  that  previously  taken  by 
sulphuretted  hydrogen: 

H  =H 

^S  =    I    +  sulphur. 

H  H 

1  volume  H2  S  =  1  volume  Hg. 

This  fact  proves,  provided  Avogadro's  hypothesis  is  correct,  that  in 
a  molecule  of  sulphuretted  hydrogen  there  are  contained  two  atoms 
of  hydrogen. 

We  assume  that  there  is  but  one  atom  of  sulphur  because  of  the 
analogy  between  water  and  sulphuretted  hydrogen  and  also  because, 
while  Ha  S  contains  two  parts  by  weight  of  hydrogen  and  thirty- 
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two  of  sulphur,  in  no  compound,  the  molecular  weight  of  which  hoB 
been  determined  and  which  contains  sulphur y  is  that  element  found 
with  a  proportional  weight  smaller  than  thirty-two. 

Hydrogen  sulphide  resembles  the  acids,  because  in  cases  where 
it  reacts  with  the  oxide  or  hydroxide  of  a  metal,  the  corresponding 
sulphide  or  sulphydrate  is  formed ; 

CaO      +HjS    =CaS      +  H^  O, 
CaO      +2HCl  =  CaCl2  +  H^  O, 
Na  OH  +  H  SH  =  Na  SH  +  H  OH, 
NaOH  +  HCl   =NaCl    +  H  OH, 

Sulphuretted  hydrogen  contains  two  atoms  of  hydrogen  which 

-  can  be  replaced  by  metals  so  that  we  must 

I  _  distinguish  two  series  of   compounds,  in  the 

^E|^^^^^^       first  of  which  one  of  these  atoms  is  substituted 

\^^        ^^^    as  in  Na  SH,  in  the  second  two  as  in,  Ca  S. 

We  shall  subsequently  see  the  same  rule  will 
hold  good  with  all  acids  containing  two  re- 
placeable hydrogen  atoms. 

The  sulphides  of  a  large  number  of  metals 

are  insoluble  in  dilute  acids,  so  that  where 

::K?3^ss^;:^-?^;  sulphuretted  hydrogen  is  passed  into  a  solu- 

FiQURE  17.  tion  containing  a  salt  of  one  or  more  of  these 

these  metals,  the  corresponding  sulphide  is  precipitated: 

Cu  SO4      .+  H2  S  =  Cu  S  +  Ha  SO,, 
Pb  [NOgla  +  H2S  =  PbS  +  2H  NO3, 

Cd  CI2        +  H2  S  =  Cd  S  +  2  H  CI. 

The  sulphides  of  some  metals  are  soluble  in  dilute  acids,  but 
insoluble  in  water  or  in  alkalies;  these  will  not  be  precipitated 
unless  provision  is  made  to  neutralize  the  acid  formed.  This  can 
be  accomplished  either  by  passing  sulphuretted  hydrogen  into 
a  solution  rendered  alkaline  by  the  addition  of  ammonium  or  sodium 
hydroxide  solutions,  or  better  by  adding  a  soluble  sulphide. 

Naa  8  +  Zn  SO,  =  Zn  S  +  Na^  80,. 

Lastly,  the  sulphides  of  a  third  class  of  metals  are  soluble  both  in 
acid  or  alkaline  water,  these  will  of  course  not  be  precipitated  by 
sulphuretted  hydrogen.  The  action  of  sulphuretted  hydrogen  on  the 
salts  of  the  metals  is  a  ready  means  of  detecting  the  presence  of  the 
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metals  in  a  solution,  and  many  of  the  processes  of  qualitative  analysis 
are  founded  upon  these  reactions,  so  that  a  further  discussion  belongs 
to  that  branch  of  applied  chemistry. 

In  addition  to  hydrogen  sulphide  there  exists  another  compound 
of  hydrogen  and  sulphur  called  hydrogen  persulphide.  This  latter 
has  the  formulse  Hj  Sj;*  a  yellow,  oily  fluid  with  a  penetrating  odor 
and  corrosive  action.  It  resembles  its  prototype,  hydrogen  dioxide, 
H2  O2,  in  the  fact  that  it  is  stable  in  the  presence  of  dilute  acids, 
and  in  the  ease  with  which  it  decomposes  into  sulphur  and  sulphur- 
etted hydrogen,  just  as  that  did  into  water  and  oxygen. 

*  This  may  be  the  f  ormulaB  of  the  compound,  although  this  is  not  definitely  settled. 
There  may  exist  more  than  one  persulphide  of  hydrogen  or  the  reason  of  varying 
amounts  of  sulphur  in  the  i>ersulphide  may  be  due  to  sulphur  dissolved  by  that 
substance. 
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CHAPTER  XVI. 


SELENIUM  AND  HYDROGEN  SELENIDE. 

Symbol  Se,  atomic  weight  79,1,  specific  gravity ,  4.5,  specifiAi  gravity  of 
vapor,  above  1400° ,  air  =  1,  is  5,7;  H  =  2,  is  164  (calculated  for 
8e2 158,2),  Symbol  jffa  Se,  specific  gravity  air  =  1,  is  2,8;  H  =  2 
is  80,6, 

Selenium  occurs  in  selenides  just  as  sulphur  was  found  in  sul- 
phides; much  more  sparingly  however.  Free  selenium  is  only  very 
rarely  found  in  some  volcanic  regions.  The  chief  selenides  are  those 
of  lead  (Pb  Se)  and  of  iron  (Fe  Se),  while  the  selenide  of  silver 
(Ag2  Se)  also  occurs.  Lately,  considerable  quantities  of  selenium 
combined  with  bismuth  have  been  found  in  some  parts  of  South 
America. 

Selenium  was  discovered  by  Berzelius  in  1817  in  the  lead  cham- 
bers used  in  the  manufacture  of  sulphuric  acid.  He  at  first  con- 
fused the  element  with  tellurium,  but  subsequently  proved  it  to  be 
a  hitherto  unknown  element,  which  he  called  selenium  from  *tsXijv7j, 
moon,  because  the  name  of  the  other  element  was  derived  from 
tellus  earth. 

The  occurrence  of  selenium  in  the  sulphuric  acid  chambers  and 
in  the  flues  of  furnaces  in  which  sulphides  are  roasted  is  due  to  the 
presence  of  selenium  in  the  ores  (such  as  iron  pyrites,  copper  pyrites 
or  zinc  blende).  The  selenium  is  burned  to  selenium  dioxide  and 
mechanically  carried  into  the  flues  and  chambers  when  the  sulphides 
are  roasted.  Selenium  dioxide  is  easily  reduced  to  selenium  by 
means  of  reducing  agents  such  as  sulphur  dioxide,*  so  that  the  dust 
of  the  chambers  contains  the  greater  portion  selenium  in  the  form 
of  the  element.  The  isolation  of  selenium  is  quite  a  complicated  pro- 
cess, and  a  description  of  the  methods  must  be  left  to  a  larger  work. 

*  Reducing  agents  are  such  substances  as  are  capable  of  removing  oxygen  or  the 
equivalent  of  oxygen  from  chemical  compounds,  or  they  are  such  substances  as  can 
add  hydrogen  to  elements  or  compounds. 
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Selenium  exists  in  two  allotropic  forms,  one  soluble,  the  other 
insoluble  in  carbon  bisulphide,  in  that  way  resembling  sulphur. 
When  selenium  is  separated  from  its  compounds  by  chemical  means  it 
is  a  crimson  powder  when  moist,  dark  red  and  soluble  in  carbon  bisul- 
phide when  dry ;  by  heating  this  above  80°  it  becomes  iron  grey  in  color. 
The  elements  melts  at  217°  and  boils  at  665°,  and  then,  when  cooled 
suddenly,  is  insoluble  in  carbon  bisulphide.  The  selenium  of  com- 
merce is  formed  by  casting  melted  selenium  into  sticks.  It  is  almost 
metallic  in  its  appearance  and  black  in  color.  Selenium  can  exist  in 
more  than  one  crystalline  form,  in  that  way  resembling  sulphur. 

Chemically,  the  properties  of  selenium  are  closely  akin  to  those 
of  sulphur.  It  burns  in  the  air,  forming  selenium  dioxide  just  as 
the  latter  formed  sulphur  dioxide.  The  selenides  and  selenium 
compounds  in  general  have  formulae  exactly  like  those  of  the  cor- 
Tesponding  sulphur  compounds.  The  element  is  of  little  importance 
excepting  in  a  comparative  study  of  the  elements. 

Hydrogen  selenide  is  the  complete  analogon  of  hydrogen  sulphide. 
It  can  be  prepared  with  difficulty  by  the  direct  union  of  the  elements, 
being  obtained  by  passing  hydrogen  over  selenium  heated  to  its 
boiling  point;  however,  unless  great  care  is  taken  to  regulate  the 
temperature,  the  heat  will  decompose  the  hydrogen  selenide  so  formed. 
The  gas  can  also  be  prepared  by  adding  an  acid  to  the  selenide  of 

iron  : 

FeSe  +  2HCl  =  FeCl2  +H2Se, 

in  a  manner  analogous  to  the  preparation  of  hydrogen  sulphide. 

Hydrogen  selenide  is  a  colorless  gas,  with  a  most  penetrating  odor 
somewhat  resembling  that  of  sulphuretted  hydrogen;  it  is  extremely 
poisonous.*  The  gas,  upon  being  heated,  begins  to  decompose  at  a 
temperature  of  150°,  but  is  only  completely  dissociated  at  a  consid- 
erably higher  temperature.  It  burns  even  more  readily  than  did 
sulphuretted  hydrogen  and  of  course  is  decomposed  by  chlorine 
or  bromine,  or  by  iodine  in  the  presence  of  water.  It  is  more  soluble 
in  water  than  is  sulphuretted  hydrogen,  and  has  the  same  action 
upon  soluble  salts  of  the  metals  as  the  latter. 

*  Oare  must  be  taken  in  working  with  the  gas,  for  its  odor  cUngs  to  the  clothes 
tor  many  days. 
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CHAPTER  XVII. 


TELLURIUM  AND  HYDROGEN  TELLURIDE. 

Symbol  Te,  atomic  weight  125,  specific  gravity  6.25,  specific  gravity 
of  vapor,  air  =  1,  is  9,  H  =  2,  is  259,  (above  1400°).  Sym- 
bol H^  Te, 

Tellurium  resembles  both  selenium  and  sulphur,  it  occurs  as  tel- 
luride  of  silver,  gold,  lead,  and  also  as  tellurium.  It  was  discovered 
in  1782  and  identified  as  an  element  in  1798.  It  is  very  rare  and  of 
comparatively  little  importance.  Its  preparation  from  its  ores  is  a 
complicated  process.  It  is  a  silver  white,  metallic  appearing  ele- 
ment, which  melts  at  about  500°  and  boils  at  a  high  temperature, 
forming  an  orange  colored  vapor.  The  element  is  with  difficulty 
obtained  free  from  selenium.  Like  sulphur  and  selenium  it  exists 
both  as  amorphous  and  crystalline  tellurium. 

Hydrogen  telluride  was  discovered  by  Davy  in  1810.     It  is  best 

prepared    by   adding    hydrochloric    acid    to    zinc    or    magnesium 

telluride  * 

Zn  Te  +  2  H  CI  =  H2  Te  +  Zn  Cl^. 

It  is  a  colorless  gas  which  entirely  resembles  the  hydrogen:  com- 
pounds of  sulphur  and  selenium.  It  burns  readily,  with  a  blue 
flame  and  is  gradually  decomposed  into  hydrogen  and  tellurium 
even  at  ordinary  temperatures.    It  is  instantly  changed  on  exposure 

to  the  air: 

H2Te  +  0  =  H2  0  +  Te.* 

The  tellurides  are  with  difficulty  obtained  pure  and  are  prepared  like 
the  sulphides  and  selenides. 

A  comparative  table  of  the  elements  of  this  family  will  serve  to 
render  the  relationship  between  them  and  the  resemblance  of  this 
family  to  the  halogenes  more  apparent: 

•  Compare  this  with  the  action  of  hydroiodic  acid  when  exposed  to  the  air. 
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O 

S 
Se 

Te' 


Atomic 
weight. 


16. 

32.06 

79.1 

125. 


Specific 
gravity 
of  solia. 


2.04 
4.5 

6.25 


Melting 
point. 


114' 
217- 

500' 


BoUlng 
point. 


— ISl"* 
440' 
665- 

above  1000° 


Not-metallic 
properties. 


Gas. 

Yellow  solid, 

Dark  red   powder, 

black  when  fused. 
Silver  white,  metallic 

appearance. 


Specific 

Specific 

gravity 

gravity 

Molecule. 

of vapor. 

of  vapor. 

air  =  1. 

H  =  2. 

o 

1.1 

31.76 

Oe 

*  The  molecular  weights  Sej  =  158,  Tet  —  250 
are  somewhat  less  than  the  specific  gravities 
found,  but  near  enough  to  show  that  the  mole- 

s 

2.2 

64.3t 

Se 

cule  exists  as  two  atoms. 

t  The  specific  gravities  of  sulphur  and  selen  ium 
vapors  are  not  constant  below  1000%  they  gradu- 

Se 

5.7 

164.»t 

Ses 

ally  become  larger  as  the  boiling  points  are  ap- 
proached. The  molecules  Sj  and  Set  seem  to  form 
larger  aggregations  as  the  elements  approach 
the  temperature    of  liquification,   no    definite 

Te 

9. 

250.* 

Teg 

formulas  seem  assignable  to  these  molecules. 

HsO 
HsS 
HsSe 
HeTe 


Heat  of 
formation. 


684K 

27K 

— lUK 


Stability. 


2HF 
2HC1 
2HBr 
2  HI 

Heat  of 
formation. 


480K 

168  K 

-122  K 


Stability. 


All  of  the  hydro- 
gen compounds 
are  colorless  gases 
above  100°  centi- 
grade. 


On  comparing  the  atomic  weights  of  the  elements  of  the  oxygen 
family  with  those  of  the  halogenes  we  see  that  the  former  are, 
throughout,  somewhat  smaller  for  corresponding  elements,  the  differ- 
ence however  is  but  slight. 


0     16 

F     19 

S      32 

CI  35.5 

Se    79 

Br    80 

Tel25 

I    127 

«• 
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CHAPTER  XVIII. 


VALENCj:  AND  THE  OXYGEN  COMPOUNDS  OF  THE 

NOT-METALS. 

The  elements,  the  properties  of  which  we  have  studied,  formed 
compounds  with  hydrogen,  all  of  which,  with  two  exceptions — hydro- 
gen dioxide  and  the  corresponding  sulphur  compound — could  be 
obtained  as  vapors,  the  specific  gravities  and  hence  the  molecular 
weights  of  which  could  therefore  readily  be  ascertained.  By  this 
means  we  arrived  at  the  conclusion  that  chlorine,  bromine  or  iodine 
could  unite  with  but  one  atom  of  hydrogen,  while  oxygen  and  the 
remaining  members  of  that  family  could  unite  with  two.  These  ele- 
elements  therefore  differed  among  themselves  in  their  power  of  re- 
taining hydrogen  atoms.  In  addition  to  the  foregoing  there  are  other 
elements,  the  hydrogen  compounds  of  which  are  composed  of  three 
atoms  of  hydrogen  to  one  of  the  negative  element;  these  elements  are 
nitrogen,  phosphorus,  arsenic  and  antimony.  If  we  designate  any  one 
of  these  elements  by  Y  then  the  formula  of  the  hydrogen  compounds 
would  be  YH3.  Only  two  other  elements,  carbon  and  silicon,  form 
gaseous  hydrogen  compounds;  the  general  formula  of  these  is  ZH4. 
All  hydrogen  compounds  can  therefore  be  classed  under  four  heads: 

VH,  XH2,  YHa,  ZH,.* 

From  the  outset  we  have  considered  chemical  compounds  as  formed 
by  the  conjunction  of  the  atoms  of  elements;  the  atoms  themselves 
are  hypothetical, f  but  using  this  hypothesis  as  a  basis,  a  chemical 
theory  productive  of    the   greatest    results    has   been   developed. 

•  We  can  immaglne  aU  apparent  variations  from  these  types  as  formed  by  the 
substitution  of  one  or  more  of  these  hydrogen  atoms  by  some  other  element,  or 
groups  of  elements.  Thus,  we  have  considered  sodium  hydroxide  as  water,  in  which 
one  atom  of  hydrogen  has  been  replaced  by  sodium;  Na-O-H,  H-O-H.  hydrogen 
dioxide  as  water,  in  which  one  atom  of  hydrogen  has  been  replaced  by  hydroxy le 
H-O-O-H,  H— O-H.  and  so  on. 

t  Sir  WUliam  Tnompson  considers  them  to  be  rings  formed  by  vortical  motion 
of  the  ether,  a  visible  example  of  such  motion  would  be  a  smoke  ring  blown  by  a 
locomotive. 
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*'  Every  finite  quantity  of  matter  occupies  a  position  in  space  which 
is  definable  with  regard  to  other  material  particles,  the  question  as 
to  the  relative  position  (or  motion)  of  atoms  in  the  molecule  is 
scientifically  justified,  and  must  be  put  sooner  or  later"  *  by  persons 
holding  the  atomic  theory.  This  problem  has  been  put  by  chemists 
ever  since  the  time  of  Berzelius  and  the  great  advance  in  organic 
chemistry,  which  has  been  reflected  in  inorganic  chemistry,  is  the 
result  of  its  successful  solution.  In  the  hydrogen  compounds  of  the 
not-metallic  elements  we  are  cognizant  of  the  number  of  atoms  in 
the  molecule,  because  we  have  been  able  to  determine  the  quantitative 
composition  of  these  compounds  and  also  the  molecular  weight. 

As  the  mass  of  the  atom  of  the  not-metal  in  hydrogen  compounds 
is  so  much  greater  than  that  of  the  hydrogen,  and  as  in  the  forma- 
tion of  new  chemical  compounds  from  those  of  hydrogen  it  is  always 
the  hydrogen  which  is  replaced  by  some  other  element,  provided  the 
resulting  compound  remains  identical  or  similar  in  character,  it  is 
more  than  probable  that  the  hydrogen  atoms  are  joined  to  the  not- 
metal.  Whether  the  position  of  these  is  fixed,  or  whether  they  are 
free  to  rotate  around  the  not-metal  we  cannot  decide,  but  recent 
investigation  all  tends  toward  the  former  theory.  In  the  compounds 
VH,  XHa,  YHg  and  ZH^  the  numerical  capacity  possessed  by  the 
not-metal  of  uniting  with  one,  two,  three  and  four  atoms  of  hydrogen 
is  termed  the  valence  of  the  element,  and  we  can  conveniently 
express  this  valence  by  roman  numerals  placed  over  the  symbol  of  the 

I      II   III  IV 

not-metal,  V,  X,  Y,  Z,  or  by  lines  drawn  from  them,  as  V — ,  — X — , 


— Y —  or  — Z — .     The  element  which  can  unite  with  one  atom  of 


hydrogen  is  termed  univalenty  that  which  can  unite  with  two, 
bivalent,  with  three,  trivalent  and  with  four  quadrivalent;  hydrogen 
is  always  univalent.  All  elements  whose  valence  is  more  than  one 
can  be  called  polyvalent.  When  a  univalent  element  has  united 
with  another  element  Qr  radical  f  its  capacity  for  further  union  has 
ceased;  a  bivalent  element  however,  when  united  with  an  element 

*  W.  Ostwald,  Outlines  of  General  Chemistry,  Walker's  translation. 
t  A  group  of  elements  which  can,  as  a  whole,  replace  an  element  in  a  chemical 
componnd  is  called  a  radical. 
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or  radical  by  one  valence  has  not  lost  its  capacity  of  further  union 
with  other  elements  or  radicals,  it  is  unsaturated,  for  instance, 
H — X — is  in  this  condition  and  can  act  as  a  univalent  radical. 

H 


Similarly   H — Y — is   also    unsaturated   and    univalent,  H  — Y- 

H  H 


unsaturated  and  bivalent,  H — Z — H,  H — Z —  and  H — Z — ,  unsatu- 


rated and  respectively  uni,  bi  and  trivalent. 

Only  the  not-metals,  however,  form  hydrogen  compounds  obtain- 
able as  gases,  so  that  with  other  elements,  if  we  desire  a  similar 
means  of  determining  valence,  we  must  seek  for  gasifiable  compounds 
with  some  univalent  element  other  than  hydrogen.  Many  of  the 
metals  and  of  the  not-metals  are  capable  of  forming  such  compounds 
with  chlorine,  the  molecular  weights  of  these  can  therefore  be 
determined. 

The  halogenes  form  compounds  with  formulas  analogous  to  those 
of  hydrogen,  and  such  compounds  can  obviously  be  used  to  deter- 
mine the  valence  of  the  elements;  for  if  the  number  of  hydrogen 
atoms  with  which  an  element  is  united  in  a  molecule  indicates  the 
valence  of  that  element,  so  must  the  number  of  chlorine  atoms  in  a 
similar  molecule.  We  can  therefore  construct  a  table  containing  a 
series  of  chlorine  compounds,  just  as  we  did  with  the  hydrogen  com- 
pounds, and  further  investigation  shows  us  that  all  of  these  com- 
pounds can  be  brought  under  six  heads;  using  M  as  a  general  term  to 
denote  an  atom  of  an  element  with  the  capacity  of  uniting  with 
chlorine,  we  have: 

M  CI,  M  Cla,  M  CI3,  M  Cl^,  M  CI5,  M  Cl^,  and  using  roman  numer- 
als to  designate  the  valence — 

I      II     III    IV     V     VI 

M,  M,  M,  M,  M,  M. 

In  many  cases  where  a  hydrogen  compound  of  a  given  element 
exists,  we  can  also  study  the  chlorine  compound,  so  that  a  determin- 
ation of  the  valence  of  the  elements  by  means  of  the  chlorine  com- 
pounds offers  the  advantage  of  being  applicable  in  a  greater  number 
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of  cases.  Sometimes,  as  is  the  case  with  some  metals,  the  bromide 
or  Iodide  is  obtainable  as  a  gas,  while  the  chloride  is  not;  then  the 
former  compounds  answer  just  as  well  as  a  means  of  determining  the 
valence.  In  our  considerations  we  have,  so  far,  always  been  able  to 
appeal  to  experiment  to  answer  any  questions  which  may  arise,  in 
those  which  follow  we  will  have  to  indulge  more  or  less  in  specu- 
lation. 

Can  elements,  polyvalent  toward  hydrogen,  unite  with  each  other, 
and,  if  so,  what  is  their  valence?  The  answer  to  the  first  part  of  the 
question  has  already  been  given,  we  have  become  aware  of  compounds 
such  as  CO2,  SO2,  CS2  all  of  which  are  formed  by  the  union  of  poly- 
valent elements,  and  in  these  cases,  as  in  the  vast  majority  of  those 
which  fall  within  the  scope  of  this  book,  one  atom  of  one  of  the  ele- 
ments in  the  molecule  unites  all  the  others;  furthermore,  compounds 
such  as  CO2,  SO2  or  CS2  can  have  their  molecular  weights  determined 
in  the  same  way  as  those  of  hydrogen,  so  that  the  same  reasoning 
will  apply  with  the  former  as  with  the  latter.  We  could  therefore 
suppose  such  compounds  formed  in  the  manner  of  water,  H — O — H, 
O — C — O,  O — S — O,  S — C — S,  in  which  case  carbon  or  sulphur 
would  be  bivalent,  as  is  oxygen  in  water,  and  indeed  any  theory 
other  than  this  as  regards  the  valence  of  the  elements  in  such  com- 
pounds of  bivalent  elements  goes  beyond  the  realm  of  facts  abso- 
lutely proved  by  experiment;  yet  the  majority  of  chemists  have 
thought  themselves  justified  in  holding  other  views,  and  a  few  of  the 
reasons  for  their  opinions  may  not  be  out  of  place  here.  Oxygen 
unites  with  two  atoms  of  hydrogen  to  form  water  so  that  in  this 
compound  it  is  undoubtedly  bivalent;  furthermore,  oxygen  is  cap- 
able of  uniting  with  two  atoms  of  any  other  univalent  element,  such 
as  sodium  or  potassium,  the  oxides  of  which  are  Na2  0,'K2  0,  and 
the  element  can  also  unite  two  univalent  radicals  or  groups  of  ele- 
ments to  form  compounds  (calling  any  radical  q)  of  the  formula 
q — O — q,  so  that  an  atom  of  this  element  can  serve  as  a  link  between 
groups  of  element,  a  function  which  is  necessarily  impossible  for  uni- 
valent elements.  When  oxygen  replaces  hydrogen  in  the  com- 
pounds of  that  element  one  atom  of  the  former  always  takes  the 
place  of  two  of  the  latter,  for  instance  the  compound  CH4  in  being 

H  O 

oxidized  forms  in  addition  to  water  first,  C  ^^  and  then,  Cq  ;  CH4  + 
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20  =CH20  +  HjO;andCH,0+20  =  COj  +  HjO.  Thevalence 
of  elements  can  also  be  given  by  the  formulae  of  the  chlorides, 
and  when  a  chloride  is  conTeri:ed  into  an  oxide,  one  atom  of  oxygen 
always  replaces  two  of  chlorine: 


CHLORIDES. 

2NaCl 
2KC1 
CaClj 
FeClj 
2  Al  Clj 
2  Fe  CI, 
CC1« 
2  PCI, 


OXIDES. 

Na^O 

K,0 

CaO 

FeO 

AljO, 

Fe^Oa 

CO, 

P2O,.* 


From  these  considerations  it  is  supposed  that  oxygen  remains 
bivalent  wherever  it  enters  into  chemical  combination.  In  assuming 
this  to  be  the  case  we  must  consider  an  atom  of  oxygen  as  being 
united  to  other  elements  differently  than  is  hydrogen,  and  applying 
what  we  learned  in  regard  to  univalent  elements,  where  we  saw  that 
when  one  univalent  element  united  to  another  its  further  power  of 
union  is  exhausted,  we  can  construct  the  following  arbitrary  rule: 

One  valence  of  any  element  in  a  chemical  compound  always  calls 
for  and  neutralizes  a  corresponding  valence  in  the  other  element  or 
elements  with  which  it  is  united. 

The  two  valences  of  a  bivalent  elemeut,  therefore,  are  supposed 
to  neutralize  two  corresponding  valences  in  any  element  or  compound 
with  which  it  is  united.  The  following  examples  will  serve  to  make 
this  meaning  more  clear: 


C 


C-H 
\H 


r 


CH4,  quadri- 
valent carbon. 


< 


k. 


\H 
\H 

Two  atoms  of  uni-^ 
valent  hydrogen  re- 
placed by  one  of  bi- 
valent oxygen,  carbon 
remaining  quadriva- 
lent. 


C 


=0 
=0 


< 


Vw 


Four  atoms  of  uni- 
valent hydrogen  re- 
placed by  two  of  bi- 
valent oxygen,  carbon 
remaining  quadriva- 
lent. 


■\ 


> 


*A11  of  the  chlorides  in  this  list  have  been  obtained  as  gases,  their  molecular 
waights  and  formulie  are  certain,  the  corresponding  oxides  have  not,  but  having  once 
determined  the  atomic  weiglUa  of  the  elements  the  formulae  of  such  compounds  follow 
from  their  composition  by  weight. 
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Where  an  atom  of  a  polyvalent  element  has  an  odd  number  of 
valences  it  follows  that  these  cannot  be  neutralized  ,by  those  of  an 
atom  of  a  bivalent  element  without  leaving  one  atom  of  the  latter 
unsaturated : 

/CI  ^O 

P — CI  with  oxygen  yields  "D  phosphorus  remaining  trivalent, 

\C1  ^   "^Cl, 

and  this  yields   P  ^fv      with   one  oxygen  atom    unsaturated.^  this 

unites  with  some  other  element  or  group  of  elements,  so  that; 

P_^Q +      p  becomes  P'^    ^ .^  P  phosphorus  remaining 

trivalent  and  oxygen  uniting  the  two  univalent  groups  of  atoms. 
By  a  similar  application  of  the  rule  we  can  come  to  the  conclusion 
that  where  five  oxygen  atoms  unite  with  two  of  some  other  poly- 
valent element  the  latter  is  quinquivalent;  where  three  unite  with 
one  it  is  hexavalent  so  that  the  following  table  of  oxides  can  be 
constructed,  using  X  to  denote  an  atom  of  any  element: 


Xj  0,  valence  of  X  one;  denoted  by  Xj  0 

X  0,       ' 

'       "  X  two; 

u 
"  X  0 

X,  0„     ' 

"  X  three; 

ni 

"  x,o, 

X0„     ' 

"Xfour; 

IV 

"  X  0, 

X,0,       ' 

'       "  Xfive; 

"X,0. 

X  0,      ' 

'       "  X  six; 

VI 

"  XO, 

X,0,      ' 

'       "  X  seven; 

Vll 

"  x,o, 

X0«      ' 

"X  eight; 

\TTT 
"  X  O4 

The  formulse  of  all  oxides  with  a  very  few  exceptions  corre- 
spond  to  these  general  formulse,  and  what  has  been  said  of  oxygen 
applies  to  all  other  bivalent  elements.  In  endeavoring  therefore  to 
ascertain  the  valence  of  an  element  forming  an  oxide,  we  must  con- 
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sider  all  of  the  oxygen  atoms  in  the  molecule  to  be  retained  by  the  atoms 
of  the  element  just  as  was  the  case  with  the  hydrogen  and  chlorine 
compounds,  we  must  by  analysis  ascertain  the  gravimetric  compo- 
sition, so  that  we  can  learn  the  number  of  atoms  united  in  the  for- 
mula weight;  where  we  can  obtain  the  compound  as  a  gas  we  must 
learn  its  specific  gravity  and  by  this  means  its  molecular  weight. 
For  instance,  there  are  two  oxides  of  phosphorus,  in  one  of  which 
62  parts  by  weight  of  phosphorus  unite  with  48  of  oxygen,  in  the 
other  62  of  phosphorus  with  80  of  oxygen.  From  the  study  of 
many  compounds  of  oxygen  and  phosphorus  we  have  concluded  that 
the  atomic  weights  of  these  two  elements  are  16  and  31  respectively, 
hence  the  composition  by  weight  of  the  first  of  the  two  compounds 
leads^  us  to  a  formula  Pg  Og,  that  of  the  second  to  a  formula 
Pj  Og.  Now  we  can  construct  two  formulae  by  writing  out  the  indi- 
vidual atoms,  grouping  them  together  so  that  connecting  lines  will 
express  the  valences,  as  follows: 

p/  p,   p=oo=p 

Such  diagrams  constructed  of  chemical  symbols,  expressing  a 
theory  regarding  the  manner  in  which  atoms  are  grouped  in  a  chem- 
ical compound,  are  called  structural  formulae.'  These  can  be  more  or 
less  complete  in  expressing  the  ideas  of  those  using  them  to  picture 
the  position  of  the  atoms  in  a  molecule.  The  two  given  above  are 
not  intended  to  show  more  than  that  the  oxygen  atoms  are  all  united 
to  those  of  phosphorus  by  means  of  two  valences  apiece,  and  that  the 
two  phosphorus  atoms  are  united  to  each  other  by  means  of  the 
interposed  oxygen  atom;  other  formulae  however  might  be  con- 
structed illustrating  a  theory  regarding  the  relative  position  of  all  of 
the  atoms,  as  has  been  done  with  compounds  of  carbon  in  organic 
chemistry,  where  recent  investigation  has  brought  chemistry  so  far 
that  the  relative  positions  in  space  of  atoms  forming  a  molecule  can 
be  studied.  It  will  only  fall  within  the  scope  of  this  work  to  use 
structural  formulae  such  as  those  above. 

A  trivalent  element  can  unite  with  bivalent  elements,  with  other 
trivalent  elements  or  with  a  quadivalent  element,  it  can  unite  three 
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univalent  radicals  and  so  on,  its  valence  remaining  three,  one  valence 
in  uniting  neutralizes  another,  as  in  tbe  case  of  uni  and  bivalent 
elements;  we  also  could  develop  similar  theories  with  the  other 
polyvalent  elements. 

Such  are  briefly  the  rules  which,  for  the  sake  of  uniformity, 
are  used  by  the  majority  of  chemists.  In  applying  such  methods 
chemists  are  apt  to  allow  themselves  to  forget  how  far  experiment 
has  gone,  and  thus  to  confuse  the  theory  and  its  application  with  the 
phenomena  of  nature.  The  terms  "valence"  or  "  bond,"  used  to 
express  tbe  means  of  union  between  atoms  thus  becomes  to  them  a 
material  thing,  the  lines  used  on  paper  to  express  the  manner  of 
union  of  atoms  become,  in  imagination,  real  linkings  between  exist- 


ing atoms,  so  that  at  the  present  time  the  science  of  chemistry  is 
in  danger  of  being  discredited  by  a  too  dogmatic  conception  of 
valence,  and  so  one  of  her  greatest  achievments  of  recent  times,  the 
theory  of  valence,  may  ultimately  prove  a  serious  obstacle  in  the 
path  of  her  development.  In  comparing  two  compounds  such  as 
H-O-H  and  0-C-O  we  cannot,  without  indulging  in  speculations, 
assert  more  than  that  in  one  case  oxygen  has  the  capacity  of  retain- 
ing two  atoms  of  hydrogen  in  a  molecule,  and  that  in  the  other  car- 
bon presents  the  same  relationship  toward  oxygen,  the  supposition 
that  oxygen  is  retained  in  the  molecule  CO,  by  a  force  differing  in 
its  manifestations  from  the  one  retaining  hydrogen  in  H,  O  is  purely 


GENERAL  DESCRIPTIVE  CHEMISTRY. 


109 


gratuitous  and  baaed  upon  the  action  of  oxygen  and  hydrogen  in 
entirely  different  compounds.  Where  we  have  heretofore  not  ascer- 
tained the  molecular  weight  of  a  compound,  as  is  the  case  with 
Pj  Oj  and  Pg  O5,  experiment  can  only  show  us  the  composition  of  such 
compounds  by  weight;  of  the  structure  and  size  of  the  real  mole- 
cule and  of  the  manner  of  union  of  the  atoms  in  this  molecule, 
wehave  no  knowledge,  our  rules  of  valence  can  only  be  applied  to 
the  formula  weight  therefore.  If  however  we  remember  where  the 
boundary  between  speculation  and  experiment  lies  we,  will  very 
much  simplify  the  study  of  chemistry  by  the  application  of  these 
rules.  The  valence  of  the  atom  of  an  element  is,  as  much  as 
any  other  property  of  that  element,  determined  by  the  ^family 
in  which  that  element  belongs  and  hence  by  its  atomic  weight. 
The  position  of  an  element  in  the  periodic  system  of  the  ele- 
ments therefore  offers  one  of  the  best  means  of  determinng  its 
valence. 

An  atom  may  under  differing  conditions  vary  the  number  of 
oxygen  atoms  with  which  it  unites,  thereby  changing  its  valence; 
the  not-metals  are  especially  prone  each  to  form  a  number  of  oxides. 
All  of  the  not-metals  with  the  exception  of  fluorine  and  bromine 
have  oxides  which  are  constructed  according  to  certain  types.  The 
following  is  a  table  of  those  oxides  which  are  most  frequently 
recurring;  as  will  be  seen  the  same  general  formula  often  belongs 
to  compounds  in  more  than  one  family;  X,  in  each  family  is  used 
to  represent  a  typical  element: 


Halogenes. 

Oxygen  family. 

Nitrogen  family. 

Carbon  family. 

I 
XjO 

• 

IV 

XO« 

XgO* 

IV 

XO« 

III 
XsOa 

VI 

XOa 

III 

x«o« 

x,o» 

V 

XeOs 

VII 
X,07 

Highest  valence 
seven. 

Highest  valence 
six. 

Highest  valence 
five. 

Highest  valence 
four. 

<  ThiB  oxide  does  not  form  an  acid  on  addition  of  water  but  a  corresponding 
acid  is  known,  which  breaks  down  into  water  and  thisoxide. 
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Wlien  the  oxide  of  a  not-metal  is  the  anhydride  of  an  acid  and 
is  changed  to  the  acid  hj  the  addition  of  water,  the  valence  of  the 
atoms  of  the  element  which  characterizes  that  anhydride  is  not 
supposed  to  be  changed;  such  a  change  can  only  be  effected  hj 
either  oxidation  or  reduction.  One  or  two  examples  will  make  this 
apparent.  CI2  O  *  is  a  compound  in  which  the  two  atoms  of  chlo- 
rine are  united  to  one  of  oxygen;  chlorine  being  univalent  and  the 
structural  formula  comparable  with  that  of  water: 

H  — O  — H  CI  — O  — CI 

Water.  Chlorine  monoxide. 

When  chlorine  monoxide  is  added  to  water  the  following  change 

takes  place: 

ClaO        +  H2O  =        2  HO  CI 
CbloriDA  monoxide  +    Water    >  -  HypoeUoroas  acid. 

The  nature  of  this  becomes  more  apparent  if  written  as  follows : 

H  — O  — H 
H,0  +  C1,0=  +■ 

CI  — O  — CI 

Whether  we  consider  H  —  O  —  CI  as  water  in  which  the  atom  of 

4 

hydrogen  is  replaced  by  one  of  chlorine,  or  as  chlorine  monoxide  in 
which  one  atom  of  chlorine  is  replaced  by  one  of  hydrogen  is  a 
matter  of  indifference, — chlorine  obviously  remains  univalent  in  the 
acid,  as  it  was  in  the  anhydride.  Now,  in  order  to  change  Clg  0  to 
CI2  Og  we  must  add  oxygen, 

CI— O  — CI +  20=  0  =  C1  — O  — C1  =  0. 

The  process  of  oxidation  leaves  the  group  of  atoms  CI  —  O  —  CI 
intact.  Such  a  group  as  this  is  entirely  independent  of  any  added 
valence  assumed  by  chlorine.     Now,  when  CI2  Og  reacts  with  water: 

CI2  Oj       +  H2  O  =    2  HO2  CI 

Chlorlneltrloxide  +     Water    =  Chlorous  acid,  or 

H  — O  — H  H— 0/H 

Hj  O  +  Clj  Os  =  +  =  /   /  / 

0  =  C1— O  — C1  =  0      0=Cl/0  — C1=0; 

*  X|  O  under  the  head  of  halogenes  In  the  above  table. 

t  It  Is  scarcely  necessary  to  remlnd^tbe  pupil  that  the  oxygen  ~atom  so  added  must 
be  fixed  by  chlorine,  the  oxygen  In  Gl  —  O  —  Cl  being  bivalent.  Is  Incapable  of  further 
union. 
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the  valence  of  chlorine  remains  three,  for  the  added  oxygen  atoms 
have  not  changed  the  nature  of  the  reaction.  What  is  true  of 
CI3  O  and  CI2  Oj  must  be  true  of  Xj  O  or  Xg  O,,  and  by  similar 
structural  f ormulse  we  can  show  that  when  the  reactions 

Xj  O5  +  Ha  O  =  2  HOgX,  and  X3  O^  +  H3  O  =  2  HO,  X 

take  place,  the  valence  of  X  remains  unaltered,  for  the  point  of 
attack  for  the  water  is  the  oxygen  uniting  the  two  univalent  atoms 
or  groups  of  atoms.  With  the  other  class  of  anhydrides  given  in 
the  table  named  i.  e.  those  formed  by  not-metals  having  an  even  number 
of  valences,  the  addition  of  water  has  no  different  result.  As  there 
is  but  one  atom  of  the  uniting  element  present  in  these  oxides  the 
entire  molecule  of  water  must  add  itself  thereto,  but  a  little  con- 
sideration will  show  us  that  the  change  is  identical  with  those  we 
have  discussed,  for  an  oxygen  atom  present  in  the  anhydride,  with 
the  addition  of  a  molecule  of  water,  forms  two  hydroxy le  groups: 


b. 


a.     SO2 

+  H, 

0 

=     H, 

80, 

Sulphur  dioxide  +    Water 

=  Sulphurous  acid. 

SO3 

+  H, 

0 

-     H, 

,  SO, 

Sulphur  trloxide  +     Water 

=  Sulphuric  acid. 

0 

H 

II    + 

0- 

0      H 

a.        S 

-H 

S      0 

1 

— 

0 

II 

0 

+ 

H 

0 

1 

0— H 

II 

■ 

0 

H 

:i3        0 

..    o  =  s 

=  H  = 

II 

II 

0 

0 

H 


H 


When  8O2  is  changed *to  SOg  by  oxidation,  the  valence  of  sulphur 
is  changed,  but  obviously  the  added  oxygen  atom  plays  no  more 
part  in  the  reaction  upon  addition  of  water  than  it  did  in  the  cases 
previously  considered.  The  water  which  is  taken  up  by  anhydrides 
isjtherefore  decomposed  by  them,  it  breaks  down  into  H  and  -0-H, 
The  hydrogen  attaches  itself  to  oxygen  while  the  hydroxyle  group 
unites  with  the  atom  which  characterizes  the  anhydride.      Water y 
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therefore,  does  not  enter  into  the  Qomposition  of  the  acids,  but 
hydroxy le  groups  do.  In  the  following  table  are  placed  the  general 
formulse  of  the  oxides  previously  considered  and  the  corresponding 
acids;  X,  as  heretofore,  denoting  the  not-metal: 


I 

X,0  +H,0-2H0 

I 
X 

[11 

X,  0,  +  H,  0  -  2  HOj 

ni 
X 

V 

X,  O5  +  H,  0  =  2  HO, 

V 

X 

VII  VII 

X3  O,  +  Ha  O  =  2  HO,  X 

IV  IV 

X   O2  +  Ha  O  =    H2  O3  X 

VI  VI 

XOs    +H20=    HaO.X 

The  formulae  of  these  six  oxides  and  of  the  corresponding  acids 
occur  more  frequently  and  are  of  greater  importance  than  any  others 
which  the  pupil  will  encounter  during  his  study  of  the  not-metals. 
The  addition  of  oxides  of  other  metals  besides  that  of  hydrogen  to  the 
anhydrides,  must  necessarily  produce  reactions  similar  to  those  we 
have  just  considered. 
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CHAPTER  XIX. 


THE  COMPOUNDS  OF  CHLORINE    WITH   OXYGEN,  AND   WITH 

OXYGEN  AND  HYDROGEN. 

Chlorine  forms  the  following  compounds  with  oxygen  and  with 
oxygen  and  hydrogen: 

1.  CI2  O,  chlorine  monoxide,         HO  CI,  hypochlorous  acid,  1. 

2.  Clj  Oj,  chlorine  trioxide,  HOj  CI,  chlorous  acid,  2. 

3.  CI  O2,  chlorine  dioxide,  HOg  CI,  chloric  acid,  3. 

HO4  CI,  perchloric  acid,  4. 

The  first  and  second  of  the  oxides  are  respectively  the  anhy- 
drides of  hypochlorous  acid  and  of  chlorous  acid,  the  third  does  not 
form  any  corresponding  acid.*  The  anhydrides  of  the  third  and 
fourth  acids  are  not  known,  wherever  an  attempt  is  made  to  isolate 
them,  complete  decomposition  takes  place.  The  formulae  of  the 
compounds  would  be  (Ig  Or.  and  Cl^  O7  were  they  capable  of 
existence. 

Where  there  are  four  acids  containing  oxygen  and  derived  from 
the  same  element,  the  nomenclature  given  in  the  following  table  ha» 
been  adopted,  beginning  with  the  one  containing  least  oxygen,  we 

have : 

1.  Prefix  hypo — termination  in — otw. 

2.  No  prefix —  '*  ** — ous. 
8.     No  prefix —            '*  ** — ic. 
4.     Prefix  j9er —           **            ^^ — ic. 

Where  but  two  acids  are  known,  the  nomenclature  is  the  same  as 
under  2,  and  3. 

Salts  derived  from  an  acid  terminating  in  — ous,  have  their  names 
end  in  — ite,  those  from  an  acid  terminating  in  — ic,  in  — ate.  The 
prefix  in  the  name  of  the  acid  is  always  retained  in  the  name  of  the 
It.     The  salts  obtained  from  the  above  acids  by  replacing  the 


*Oiil)eing  passed  into  a  H<.)lution  of  potassium  hydroxide  it  forms  potassium 
chlorite,  K  CI  Ot  and  potassium  chlorate  K  CI  Os. 
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hydrogen  with  some  other  metal  would  consequently  be  named  m 
followH,  with  potassium  i 


urn  hypochlorite, 
um  chlorite, 
urn  chlorate, 
um  perchlorate. 


EQ  CI,  potassiu 
KOgCl,  potassiu 
3.     KOfCl,  potassiu 
i.     KOjCI,  potassiu 

Where  there  are  but  two  acids  the  nomenclature  is  the  s&me  as 
under  2,  and  3. 

The  oxides  of  chlorine  are  all  unstable,  some  of  them  even 
extremely  explosive,  so  that  chlorine  and  oxygen  cannot  be  caused 
to  unite  directly.  In  this  case  the  product  of  the  union  of 
two  very  similar  elem- 
ents is  most  unstable  in 
its  nature,  a  circum- 
stance certainly  not  un- 
expected, for  oxygen 
and  fluorine,  which  re- 
.semble  each  other  even 
more  than  do  oxygen 
and  chlorine,  are  inca- 
pable of  combination. 
One  might  be  tempted 
from  such  a  circum- 
stance to  argue  that 
not-metals  which  most 
resemble  each  other 
would  have  the  least 
chemical    affinity;    but  — 

this  is   true   only   in  a  Figure  19. 

very  few  cases.  The  oxides  of  sulphur  and  phosphorus,  for  in- 
. stance,  are  extremely  stable  bodies;  the  different  halogenes  can 
in  some  instances  combine  with  each  other;  while  the  existence  of 
molecules  such  as  those  of  chlorine  and  hydrogen,  shows  us  that 
even  the  iitoms  of  the  same  element  may  be  most-  firmly  united. 
Any  attempts  to  generalize  regarding  the  relative  stability  of  these 
oxides  are  at  the  present  time  premature. 

Chlorine  monoxide  is  not  of  itself  important,  but  the  acid  formed 
from  it  by  the  addition  of  water  is  of  the  greatest  commercial  value; 
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its  salts,  more  especially  that  of  calcium,  being  the  compounds  most 
often  used  for  the  purpose  of  bleaching.  The  monoxide  can  be 
prepared  by  passing  chlorine  over  mercuric  oxide. 

Hg  O  +  4  CI  =  Hg  CI2  +  CI2  O . 

It  i^  a  reddish-yellow  gas  with  a  penetrating  odor  resembling  that 
of  chlorine.  At  low  temperatures  it  is  condensed  to  a  bright  red 
liquid  which  boils  at  5°  centigrade.  It  has  a  specific  gravity,  air 
being  1,  of  3.00,  hydrogen  being  2,  of  86.4.  Its  molecular  weight 
is  therefore  86.9,  its  formula  Clj  O.  It  gradually  dissolves  in  water, 
forming  an  orange  colored  solution  which  contains  hypochlorousacid: 

H— O  — H         H  — 0/H 

+  =         /// 

CI  — O  — CI        CI   /O  — CI 

The  salts  derived  from  hypochlorous  acid  are  easily  prepared; 
they  are  really  of  greater  importance,  and  more  stable  than  is  the 
acid  itself. 

In  1788  Berthollet  discovered  that  a  bleaching  solution  could  be 
prepared  by  passing  chlorine  into  a  solution  of  alkali.  He  at  once 
attempted  to  utilize  his  discovery  commercially,  and  so  established  a 
factory  at  Javelles,  where  bleaching  water  was  prepared  by  passing 
chlorine ^  into  a  solution  of  potashes  (potassium  carbonate),  this 
solution  then  contained  hypochlorous  acid  and  was  called  eau  de 
Javelles,  At  a  later  date,  lime  took  the  place  of  potashes  and  the 
resulting  bleaching  powder  became  known  as  chloride  of  lime. 

If  chlorine  is  passed  into  a  solution  of  potassium  hydroxide  the 
first  product  will  necessarily  be  potassium  chloride,  because  of  the 
great  chemical  afiinity  between  the  metal  and  the  not-metal,  therefore: 

K  — O  — H  +  C1=:KC1  +  — O  — H. 

The  group  — O  —  H,  is  however  unsaturated,  so  that  it  can 

unite  with  another  atom,  in  this  case  with  one  of  chlorine,  H — O (- 

CI  =  H  —  O  —  CI.  The  first  products  obtained  by  passing  chlorine 
into  a  solution  of  potassium  hydroxide  would  therefore  be  potassium 
chloride  and  hypochlorous  acid.  Now  potassium  hydroxide  is  a  base, 
therefore  with  hypochlorous  acid,  it  will  form  a  salt,  (potassium 
hypochlorite)  and  water,  as  follows: 

KO  H  +  HO  CI  =  K  O  CI  +  H2O. 


116  A  TEXT-BOOK  OF 

As  a  consequence  the  ultimate  products  of  the  action  of  chlorine 
upon  potassium  hydroxide  are  potassium  chloride,  potassium  hypo- 
chlorite and  water.  The  entire  change  is  summed  up  in  the  follow- 
ing reaction: 

2KOH  +  2Cl  =  KCl+KOCl+H20. 

If  instead  of  potassium  hydroxide,  calcium  hydroxide  had  been 
used,  calcium  chloride,  calcium  hypochlorite  and  water  would  be 
produced;  the  reaction  would  be  modified  by  the  bivalence  of  the 
atoms  of  calcium,  which  have  twice  the  capacity  for  replacing 
hydrogen  in  acids  than  those  of  potassium  possess.  The  reaction  is 
therefore  as  follows: 

r_0_H  r— CI       H  — O— CI 

1.  Ca-^  -f4CI=Ca-^  +  and 

(_0  — H  (—CI       H  — O— CI 

r— OH        HO  CI  r_0  — CI      H  OH 

2 .  Ca  ■<  +  =  Ca  ^  +  ,  uniting 

(—OH        HO  CI  (_0  — CI     HOH 

1  and  2,  we  have, 

2  Ca  (0H)2  +  4  CI  =  Ca  Clo  +  Ca  (O  CI)-,  +  2  H^  O* 

A  moderate  heat  changes  hypochlorites  into  chlorates;  there- 
fore, the  above  reactions  must  be  performed  in  the  cold;  the  one 
using  potassium  hydroxide  only  with  dilute  solutions.  The  hypo- 
chlorites bleach  because,  when  acidified,  they  liberate  chlorine. 
The  first  change  upon  addition  of  acids  is  the  production  of  hypo- 
chlorous  acid,  as  follows :t 

a.  K  O  CI  +  H  CI  =r  K  CI  +  HO  CI, 

b.  2  K  O  CI  +  H2  S  O4  =  K2  S  O,  +  2  H  O  CI, 

c.  Ca  (O  CI),  +  2  H  CI  =  Ca  CI2  4-  2  H  O  CI. 

This  portion  of  the  reaction  is  like  the  formation  of  hydro- 
ehloric  acid  from  the  chlorides.  However,  hypochlorous  acid  is 
unstable  and  breaks  down  as  follows : 

H  O  CI  =  H  CI  +  O, 

*  T4iero  is  some  reason  to  suppose  that  chloride  of  lime  contains  the  compound 
(va_  Q  (^'j  a  substance  which  would  be  partly  chloride  and  partly  hypochlorite,  the 
relative  proportions  of  chloride  and  hypochlorite  would  remain  the  same  as  that 
given  above,  for  2  ^i^__o  ci  ^^^^^  contain  the  same  percentage  of  calcium,  chlo- 
rine and  oxygen  as  Oa  Cl|  +  Ca(OGl)|. 

t  A  solution  of  hypoehlorous  acid  in  water  may,  if  dilute,  be  kept  for  some  t\m%. 
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and  hydrochloric  acid,  in  the  presence  of  nascent  oxygen,  forms 
chlorine  and  water  (see  pages  58,  70);  so  that  if  hydrochloric  acid  has 
been  used  to  liberate  hypochlorous  acid,  chlorine,  and  not  oxygen, 
will  be  set  free : 


H     \ 

CI 

H 

Cl 

+  ■ 

— 

\  + 

H 

0 

cf 

M- 

-0    CI 

d.    HOCl  +  HCl^HjO  +  2C1; 

Now,  a  chloride  is  always  formed  simultaneously  with  hypochlor- 
ite when  chorine  acts  upon  bases  such  as  potassium  or  calcium 
hydroxide;  so-  that  where  sulphuric  acid  is  employed  to  liberate 
hypochloric  acid  the  following  changes  take  place : 

K  O  CI  +  K  CI  +  Ha  8  O,  =  K2  S  O,  +  H  CI  +  H  O  CI; 
Ca  (O  Cl)2  +  Ca  CI2  +  2  Ha  8  O4  =  2  Ca  80,  +  2  HCl  +  2  H O  CI, 

and  then  the  hypochlorous  acid  and  hydrochloric  acid  which  are  pro- 
duced can  react  as  in  equation  d;  the  complete  change  would 
therefore  be  represented  by  the  equations: 

K  O  CI  +  K  CI  +  H2  8  O4  =  K2  8  O,  +  H2  O  +  2  CI; 
Ca  (O  Cl)2  +  Ca  Cl^  +  2  H,  80,  =  2  CaS  O,  +  2  H2  O  +  4  CI. 

Chlorine,  consequently,  is  liberated  when  hydrochloric  or  sulphuric 
acid  is  added  to  a  hypochlorite;  and  the  hypochlorites  exercise  their 
bleaching  action  by  means  of  that  element. 

Hypochlorous  acid  is  unknown  in  a  pure  state,  but  its  solution 
can  be  prepared  by  passing  the  anhydride  Clg  O  into  water,  or  bet- 
ter still,  by  suspending  oxide  of  mercury  in  water  and  then  sub- 
jecting this  to  the  action  of  chlorine,  by  which  means  the  formation 
of  the  anhydride  is  avoided.  Concentrated  solutions  of  hypochlo- 
rous acid  possess  the  odor  of  chlorine  and  disintegrate  in  the  dark, 
although  they  do  so  more  rapidly  in  the  daylight.  If  the  acid  is 
quite  dilute  it  is  much  more  stable,  and  can  then  even  be  distilled 
without  great  decomposition.  A  solution  of  hypochlorous  acid 
is  an  energetic  oxidizer;  we  have  seen  that  hydrochloric  acid  is 
changed  to  chlorine  by  it,  and  other  hydrogen  compounds  are  sim- 
ilarly affected.  Hydrogen  sulphide,  for  instance,  is  affected  by  it 
as  follows : 

H  aS  +  HO  C1  =  S  +  H  fi  +  H  01. 

Vegetable  dyes,  such  as  litmus  and  indigo,  are  instantly  bleached 
even  by  dilute  solutions  of  the  acid,  and  many  other  organic  sub- 
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stances  are  destroyed  by  it,  so  that  it  is  much  used  for  bleaching 
cotton  and  linen  goods.  With  silks  and  woolens  it  is  useless,  foT 
these  it  colors  yellow. 

The  most  stable  acids  of  hydrogen,  oxygen  and  chlorine  are 
those  containing  the  most  >  oxygen,  and  the  same  is  true  of  the 
corresponding  salts,  so  that  hypochlorous  acid  and  the  hypochlorites 
will  tend  to  change  into  compounds  containing  more  oxygen;  one 
portion  of  the  salt  or  acid  being  oxidized  at  the  expense  of  the  other. 
As  a  consequence  a  potassium  hypochlorite  solution  forms  potassium 
chlorate  when  heated  to  boiling: 

3  K  CI  0  =  K  CI  0,  +  2  K  CI,  or, 
KCIO       KCl/b 

K  CI  O  =  K  CI  O 


K  CI  O       K  CV 


iyo 


Now,  2KOH  +  2Cl  =  KCl  +  KC10  +  HaO,  therefore: 

1.  6  K  OH  +  6  CI  =  3  K  CI  O  +  3  K  CI  +  3  Ha  O. 
When  the  solution  is  hot  and  concentrated, 

2.  3  K  CI  O  =  2  K  CI  +  K  CI  Ob; 

therefore  when  chlorine  is  passed  into  potassium  hydroxide  solution 
under  those  conditions  the  result,  combining  equations  1  and  2,  is 
as  follows: 

6  K  OH  +  6  CI  =  5  K  CI  +  K  CI  O3  +  3  Ha  O. 

In  a  similar  way  the  solution  of  calcium  hypochlorite  changes  to 
to  the  chlorate  of  calcium  on  heating.  Potassium  chlorate  is  much 
less  soluble  than  is  calcium  chlorate,  so  that  potassium  chlorate  can 
also  be  prepared  by  adding  the  solution  of  a  potassium  salt  to  a 
solution  containing  calcium  chlorate,  this  method  is  the  one  used 
for  preparing  the  salt  on  a  large  scale : 

Ca  (CI  Og),  +  2  K  CI  =  2  K  CI  O,  +  Ca  CI,. 

The  chlorates,  when  heated  to  a  temperature  considerably  higher 
than  that  required  to  effect  the  change  from  h3rpochlorite8  im 
chlorates,  yield   oxygen   and   are  transformed  into  a  mixture  of 
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chloride  and  perchlorate, 
the  expense  of  the  other: 


e  portion  of  the  salt  being  oxidized  at 


O  O 

KC10  +  KClO  = 

o  o 


o 

KCIO 
O 


K  CI  O,  +  K  C!  0,  =  K  CI  O.  +  K  01  +  20.* 
Finally,  ae  potassium  perchlorate  is  not  able  to  take  up  more  oxygen, 
the  salt  breaks  down  into  potassium  chloride  and  oxygen: 
KC10,  =  K:C1  +  40. 

When  potassium  chlorate  is  heated  the  salt  melts  at  a  moderate 
temperature,  when  the  latter  is  increased  oxygen  begins  to  pass  oS; 
the  salt  again  solidifies  when  it  has 
canged  completely  to  a  mixture  of  the 
chloride  and  perchlorate;  finally  it  once 
more  melts  at  almost  a  red  heat  and 
then  the  potassium  perchlorate  parts 
with  all  of  its  oxygen,  leaving  potas- 
sium chloride  in  the  flask.  (See  page 
19  and  foot  note). 

The  chlorates,  especially  that  of 
potassium,  are  but  little  inferior  in 
commercial  importance  to  the  hypo- 
chlorites. They  are  used  chiefly  for 
their  oxidizing'powers,  while  potassium 
chlorate  is  also  of  medicinal  value. 
Id  using^  a  chlorate,  care  must  be  taken 
not  to  have  the  salt  mixed  with  any 
substance  easily  oxidized;  very  seri- 
ous explosions  have,  for  instance,  re- 
sulted from  grinding  potassium  chlorate 
and  sugar  in  the  same  mortar.  Spei 
mens  of  chlorate  to  be  used  for  pre-  Fiqure  20. 

*Uore  complicated  equations  ure  (regueutlr  glveo  for  this  reaction  bnb 
mltl>oagh  ttiere  1b  some  varliitlon  In  tbe  amount  ot  oiygen  formed,  and  In  the 
relBtlre  proportlona  oF  potassium  chloride  and  at  perchlorate  left  Id  the  Dask,  yet 
the  probablUtr  seems  to  be  Uiat  Id  the  great  malorltj  at  cases  tbe  simplest  eqna 
tlou.  which  Is  that  given  above.  Is  realized. 
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paring  oxygen  should  always  be  first  tested  on  a  small  scale,  in  order 
to  insure  their  safety.  A  demonstration  of  these  facts  is  readily 
supplied  by  rubbing  a  trace  of  potassium  chlorate  over  a  very 
small  bit  of  sulphur  in  a  rough  mortar,  or  by  mingling  some 
powdered  chlorate  with  sulphide  of  antimony,  by  means  gently 
brushing  the  two  substances  together  with  a  feather;  when  the  mix- 
ture is  struck  with  a  glass  rod  a  sharp  expiosion  will  result*  The 
commercial  application  of  potassium  chlorate  lies  chiefly  in  the  pre- 
paration of  lire  works  and  of  explo- 
sive matches. 

Potassium  perch lo rate  is  very 
nearly  insoluble  in  cold  water  and 
therefore  is  of  value  in  qualitative 
analysis,  and  because  of  ils  greater' 
stability  it  is  sometimes  used  in 
pyrotechuics  in  place  of  potassium 
chlorate. 

Chloric  and  perchloric  acids  are 
more  easily  decomposed  by  heat  than 
are    their    salts,    but    they    posseaa 
Figure  21.  greater  stability  than  do  hypochlor- 

ous  or  chlorous  acids.  Either  can  be  prepared  according  to  the 
usual  method,  by  tbe  addition  of  sulphuric  acid  to  the  correspond- 
ing salt: 

2  K  CI  O,  +  Hs  SO.  =  Ka  SO,  -I-  2  H  Ci  0,.t 
2  K  CI  O.  +  H,  80,  =  K,  80,  -f-  2H  CI  0„ 
but  they  also  are  the  products  of  decomposition  of  those  chlorina 
acids  which  contain  less  oxygen;  these,  when  heated,  change  to 
chloric  acid,  but  as  hydrochloric  acid  is  formed  during  this  change, 
a  certain  amount  of  chlorine  must  also  be  given  off,  because  these 
powerful  oxidizers  always  destroy  such  compounds  of  hydrogen. 
Chloric  acid  finally  changes  to  perchloric  acid  upon  being  heated 
above  40°: 

2  H  CI  Oi  =  H  CI  O.  +  H  CI  4-  2  O. 
Of  course  the  oxygen  formed  by  this  decomposition  further  acts  on  the 
hydrochloric  acid,  forming  water  and  liberating  chlorine,  so  that  the 

•  Onl;  Yery  giniitl  qaADtltles  must  be  used. 

*  It  Is  better  to  use  barium  cblorate.  for  tbeu  sulpburic  acid  nlU  term  losolnbla 
kadum  sulphftte.  wbloh  can  be  altered  ofl. 
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reaction  is  more  complicated  than  the  equation.  Of  all  these  acids, 
perchloric  acid  is  the  most  stable;  its  aqueous  solution  can  be  distilled 
without  decomposition  so  that  by  this  means  it  can  be  separated  from 
the  sulphuric  acid  introduced  in  its  preparation.  It  is  an  oily  sub- 
stance, and  because  it  can  be  obtained  in  apure  state  best  illustrates  the 
intense  capacity  for  oxidation  possessed  by  these  chlorine  compounds. 
This  is  shown  by  placing  a  drop  of  the  acid  upon  paper  or  wood, 
for  then  a  violent  explosion  ensues.  The  acid  itself,  when  kept  for 
B  time,  decomposes  spontaneously  with  explosive  violence. 


FlQURE   22. 

Chlorine  trioxide,  chlorous  acid,  and  chlorine  dioxide  are 
the  only  chlorine  and  oxygen  compounds  which  remain  for 
-discussion.  Chlorine  trioxde,  the  anhydride  of  chlorous  acid,  is 
made  by  the  reduction  of  chloric  acid  by  means  of  arsenic  trioxide.* 
The  substance  is  a  green  gas  with  a  most  penetrating  and  irritating 
odor.  In  preparing  the  gas  the  temperature  must  be  kept  quite 
low,  otherwise  a  most  dangerous  explosion  may  result.  It  forms  a 
dark-brown  liquid  at  the  temperature  of  snow  and  salt,  and  this 

*3aciOi-t-AB,  Oa  -HiO  +  Cl)0i  +  Abi  Og.   Tb«  H  ClOicao  be  fonaed  br 
.  addliig  nitric  Mid  to  potsaslumoblorate:    KClOi  +HNO)^KNO(  +HCiOi:  wbaa 
ite  and  chloric  acid  result 
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liquid  decomposes  even  in  the  dark.  When  dissolved  in  water, 
chlorine  trioxide  forms  chlorous  acid : 

CUO,  +  H20  =  2HC102. 

The  solution  is  a  powerful  bleaching  and  oxidizing  agent.  On 
standing  it  changes  to  chloric  acid  and  hydrochloric  acid,  which 
latter  is  further  oxidized  to  chlorine  and  water.  The  acid  neutral- 
izes  bases  very  slowly,  the  salts  formed  by  such  neutralization  are 
called  chlorites  and  are  powerful  oxidizers;  many  of  them  change 
to  the  chlorates  quite  readily,  the  nature  of  this  alteration  being, 
in  principle,  the  same  as  that  accompanying  the  transformation  of 
chlorates  into  perchlorates.  Potassium  chlorite  is  converted  into  the 
chlorate  at  160°. 

Chlorine  dioxide  is  an  unstable,  greenish-yellow  gas,  formed 
when  concentrated  sulphuric  acid  acts  upon  potassium  chlorate.  In 
this  reaction  we  might  expect  the  production  of  chloric  anhydride: 

2HC10s  — H2  0  =  Cl2  05; 

for  the  concentrated  acid  would  remove  water  from  chloric  acid. 
This  is  not  the  case,  however,  for  the  chlorine  pentoxide  which 
might  result  is  incapable  of  existence,  so  that  a  part  of  its  oxygen 
is  used  in  oxidizing  chloric  acid  to  perchloric  acid: 

H  CI  Og  +  Cla  O  5  =  H  CI  O4  +  2  CI  O2. 

The  gas  is  a  most  powerful  oxidizing  agent,  combustible  substances 
burn  in  it  with  explosive  violence,  as  may  be  shown  by  mixing 
some  potassium  chlorate  with  sugar  *  and  adding  a  drop  of  concen- 
trated sulphuric  acid,  when  the  mass  will  instantly  take  fire.  If  a 
little  chlorate  of  potassium  is  placed  in  a  deep  glass,  covered  with 
water,  a  small  piece  of  phosphorus  dropped  in  and  then  sulphuric 
acid  carefully  poured  directly  on  the  salt  by  means  of  pipette  the 
combustion  of  phosphorus  by  means  of  the  chlorine  dioxide  liber- 
ated can  be  seen  to  take  place  under  the  surface  of  the  water.  U 
the  gas  is  warmed,  a  dangerous  explosion  results,  so  that  care  must 
be  taken  never  to  warm  a  mixture  of  sulphuric  acid  and  potas- 
sium chlorate.  The  specific  gravity  of  the  gas  shows  that  it  has 
the  formula  CI  O2,  so  that  if  we  consider  oxygen  as  bivalent, 
chlorine  is  quadrivalent  in  this  compound. 

w 

*  Do  not  rub  In  a  mortar. 
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The  generally  accepted  theory  regarding  the  constitution  of  these 
acids  is  as  follows.  The  hydrogen  atom  is  not  attached  to  chlorine, 
but  to  oxygen,  forming  a  part  of  the  hydroxyle  group;  and  thii 
hydrogen  atom  is  replaced  by  metals  when  the  salts  are  formed: 

H  — O  — 01  H— O— CI  j  =2 

Hypochlorous  acid.  Chloric  acid. 


H  — O— C1  =  0  H 


r  =  o 
— o— ci  ^=o 

(=0 


Chlorous  acid.  Perchloric  acid. 

The  existence  of  the  hydroxyle  group  in  acids  containing  oxygea 
has  already  been  discussed.     (See  pages  110,  111,  112). 

The  most  striking  chemical  characteristics  of  the  acids  composed 
of  chlorine,  oxygen  and  hydrogen,  are  their  intense  power  of  oxi- 
dizing, their  extreme  instability  and  the  tendency  which  those  with 
a  lesser  amount  of  oxygen  have  to  change  into  those  with  a 
greater.  Although  the  salts  are  as  a  rule  more  stable,  they 
nevertheless  display  similar  properties. 
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CHAPTER  XX. 


COMPOUNDS  OF  BROMINE  AND  OF  IODINE  WITH  OXYGEK 
AND  HYDROGEN,  THE  COMPOUND  OF  IODINE  WITH 
OXYGEN  AND  THE  COMPOUNDS  OF  THE  HALOGENES 
WITH  EACH  OTHER. 

All  attempts  to  isolate  oxides  of  bromine  have  proved  futile; 
unstable  as  the  oxides  of  chlorine  are,  those  of  bromine  are  evidently 
still  more  so.  The  acids  containing  bromine,  oxygen  and  hydrogen 
are  only  known  in  aqueous  solutions;  their  formulae  correspond  to 
those  of  the  chlorine -acids,  but  bromous  acid  is  unknown  and  the 
existence  of  perbromic  acid  is  very  doubtful.  The  only  compounds 
of  bromine,  oxygen  and  hydrogen  with  which  we  have  to  deal  are 
therefore  hypobromous  acid,  H  Br  O,  bromicacid,  HBr  Oj,  while  in 
addition  we  must  discuss  the  salts  derived  from  these.. 

Solutions  of  hypobromous  acid  in  water  are  produced  under  cir- 
cumstances exactly  analogous  to  those  which  were  observed  in  the 
preparation  of  hypochlorous  acid;  such  solutions  have  powerful 
bleaching  properties  and  are  very  readily  decomposed  even  by  slight 
warmth.  When  bromine  is  added  to  very  dilute  potassium  hydrox- 
ide solution,  a  liquid  having  bleaching  properties  is  produced;  the 
reaction  is  similar  to  that  encountered  in  studying  the  action  of 
chlorine  on  a  dilute  and  cold  solution  of  caustic  potash.  (See  page 
115). 

2KOH  +  2Br  =  KBr-|-KOBr+H2  0. 

When  the  potassium  hydroxide  solution  is  too  concentrated, 
bromate  of  potassium  is  produced  even  at  ordinary  temperatures,  the 
conversion  of  hypobromites  into  bromates  being  a  change  much  more 
readily  produced  than  the  corresponding  one  with  chlorine,  but  the 
principle  of  the  action  is  the  same: 

6  K  O  H  +  6  Br  =  5  K  Br  +  KOg  Br  +  3  HaO  * 

*  It  Is  not  necessary  to  enter  Into  the  explanation  of  the  course  of  these  reac- 
tions, the  pupil  should  undertake  this  by  repeating  the  various  phases  given  under 
chlorine,  while  substituting  bromine  for  the  latter  element. 
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The  bromate  of  potaasium  is  not  very  soluble,  ao  tliat  it  can  be 
filtered  from  the  solution  containing  the  bnmiide  and  reciystallized 
from  bot  water;  bromate  of  barium  can  be  prepared  in  a  similar 
manner.  The  latter  will  yield  a  solution  of  bromic  a«id  when 
exactly  enough  sulphuric  acid  to^orni  barium  sulphate  is  added: 
Ba  (Br  Oa),  +  H,  SO,  =  Ba  SO.  +  2H  Br  O,. 
The  solution  of  bromic  acid  is  colorless  and  may  be  concentrated  by 
evaporating  the  excess  of  water  in  a  vacuum,  but  wlteu  warmed  the 


scid  breaks  down  completely  into  bromine,  oxygen  and  water.  Natur- 
■lly  all  of  the  compounds  under  consideration  are  powerful  oxidie- 
en;  the  bromates  form  very  explosive  mixtures  with  oxidizable  sub- 
stances, while  the  biomate  of  ammonium  may  even  explode  upon- 
laneously. 

Iodine  forma  the  peutoxide  I,  Oj  and  two  acids,  iodic  acid  HID, 
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And  per-iodic  acid.  If  the  anhydride  of  the  latter  acid  existed,  it 
would  have  the  formula  Ij  O7,  for  in  the  previous  chapter  we  saw 

VII 

that  the  theoretical  anhydride  of  perchloric  acid  would  be  CI3  O7 , 
now  by  the  addition  of  water  to  these  anhydrides  the  first  products 
would  be  per-iodic  and  perchloric  acids  respectively,  as  follows  : 

I,0,  +  H3  0=2HIO„ 
Cl20,  +  H20  =  2HC104. 

If  we  recall  the  structural  formulae  of  these  acids,  it  seems  reas- 
onable to  suppose  that  the  oxygen  atoms  contained  in  them  would 
be  capable  of  adding  the  elements  of  water  to  form  hydroxy le  groups, 
in  conformity  with  the  tendency  manifested  in  the  production  of 
such  groups  by  the  addition  of  water  to  the  anhydrides,  and  in  tliis 
way. more  complicated  compounds  would  result: 

r=o  r=^  +H-0-H       I'— O-H 

X=0  Y  J  ""Rir^"^"?  Y  J  -^-H  _  Y 

=0  +H-0-H=  A  ]  ZoIh  "  ^  I  -^"i  ~  ^ 

-0-H  ^  " 


— 0-H 
0-H 


— O-H 
— O-H 
— O-H 
—O-H 
—O-H 
—O-H 

First  acid,  Second  acid,         Third  acid,         Fourth  acid. 

XO^H-f  HaO  =  X05H3  +  H,0  =  XOeH5  +  H,0  =  XOTHT. 

With  the  addition  of  each  molecule  of  water  one  oxygen  atom  of 
the  acid  can  yield  two  hydroxyle  groups  until  finally  all  have  been 
converted  and  a  complete  hydroxide  has  been-  produced.  This  last 
acid  is  called  the  normal  acid.  By  separating  water  from  the  nor- 
mal acid  the  various  other  acids  can  be  formed,  so  that  in  the  end  we 
arrive  at  an  anhydride  which  is  obviously  identical  with  that  from 
which  we  started.  None  of  these  changes  involve  either  an  oxida- 
tion or  a  reduction,  for  if  such  were  to  take  place  we  would  produce 
acids  derived  from  different  anhydrides  in  which  the  valence  of 
the  characterizing  element  would  vary,  therefore  we  can  assume  that 
in  the  change  from  the  anhydride  to  the  first  acid  and  in  the  subse- 
quent conversion  of  this  to  the  normal  acid,  no  alteration  in  the 
valence  of  X  in  the  above  formulae  has  taken  place.  The  process  of 
adding  water  to  these  anhydrides  is  called  hydration,  and  the  acids, 
excepting  the  ones  with  least  amount  of  hydrogen,  are  called  hydrated 
acids.  Hydrated  acids  occur  quite  frequently,  but  normal  acids 
are  extremely  unstable,  their  existence  even  in  solution  is  doubtful. 
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for  when  a  large  number  of  hydroxyle  groups  are  attached  to  the 
game  element  they  will  always  show  a  great  tendency  to  separate 
water ;  yet  often  the  acids  lying  between  that  having  the  least 
hydrogen  and  the  normal  acid  have  no  tendency  to  break  down,  in 
fact  they  are  sometimes  the  only  ones  which  we  encounter.  In  many 
of  the  hydrated  acids  only  a  portion  of  the  hydrogen  atoms  can  be 
replaced  by  metals  to  form  salts,  a  fact  not  surprising  if  we  consider 
that  as  soon  as  a  hydrogen  atom  in  an  acid  is  replaced  by  a  more 


FrouBE   24, 

metallic  element,  the  whole  compound  is  rendered  more  positive  and 
hence  has  its  tendency  to  take  up  positive  elements  diminished. 
Pcr-iodic  acid  exists  in  the  hydrated  form  H^  Oj  I,  corresponding  to 
the  third  acid  of  the  series  given  on  the  table  above. 

The  pentoxide  of  iodine  forms  a  white  powder,  which  melts  at 
300°  and  then  instantly  decomposes  into  oxygen  and  iodine;  it  is 
produced  by  oxidizing  iodine  with  nitric  acid  or  by  heating  iodic  aoid 
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for  some  time  at  170°.  The  oxides  of  chlorine  are  all  endothermic 
substances,  but  453  K  are  liberated  in  the  formation  of  Ig  O5,  so  that 
while  the  former  compounds  are  explosive  the  latter  is  quite  stable. 
From  this  we  see  that  with  the  diminishing  not-metallic  character 
of  the  halogenes  there  appears  a  diminishing  stability  of  the  com- 
pounds of  those  elements  with  metals,  while  at  the  same  time  an 
increasing  stability  of  the  oxides  is  manifested,  but  when  we  try  to 
draw  general  conclusions  from  these  facts  we  must  remember  that 
the  oxides  of  bromine  are  less  stable  than  those  of  chlorine. 

Iodic  acid  can  be  prepared  by  oxidizing  iodine  suspended  in 
water,  by  means  of  chlorine,  or  by  adding  the  anhydride,  I2  O5,  to 
water.  It  is  a  crystalline  solid  with  powerful  oxidizing  properties; 
phosphorus  and  arsenic,  for  instance,  are  oxidized  by  it  respectively 
to  phosphoric  and  arsenic  acids,  while  it  even  changes  graphite  to 
carbon  dioxide. 

The  iodates  are  formed  either  by  adding  a  base  to  iodic  acid : 

XOH  +  HIO3,  =  HIO3  +  HOH,* 

or  by  dissolving  iodine  in  an  alkali,  a  reaction  the  same  as  that  which 
took  place  with  chlorine  or  bromine : 

6  K  OH  -f  6  I  =  5  KI  +  KIO3  +  3  Ha  O. 

Iodic  acid  can  be  liberated  by  adding  a  non-oxidizable  acid  to  the 
iodates.  Many  of  the  iodates  form  per-iodates  when  heated,  but  the 
latter  can  also  be  produced  from  the  former  by  the  addition  oE  some 
oxidizer.  Two  of  the  per-iodates  (AgI04,KI04)  correspond  to 
the  perchlorates  in  formula,  but  the  majority  of  the  salts  of  per- 
iodic acid  are  derived  from  the  hydrated  acids,  for  instance  Na^ 
I  Oft  from  H5  I  Og  and  Agg  I  O5  from  Hg  I  O5.  Salts  of  per-iodic 
acid  in  which  only  a  part  of  the  hydrogen  atoms  have  been  replaced 
by  other  metals  are  known;  an  example  of  such  a  salt  would  be 
Na,  H3  lOft.  Per-iodic  can  be  formed  from  its  salts  by  the  addition 
of  some  other  acid,  and  when  separated  from  its  solutions  by  slow 
evaporation  it  is  a  crystalline  solid  of  the  formula  Hj  10^  and  ig  a 
powerful  oxidizer.     Other  more  complicated  per-iodic  acids  and  per- 

•  It  obviously  makes  no  diflference  whether  we  write  iodic  acid  HIO«  or  HO*  1 
Hulphuric  acid  H804SorUeS04,  etc..  except  in  cases  where  we  intend  to  convey 
some  idea  as  regards  the  structural  f ormulaa  of  the  acids,  hut  the  method  of  writing 
the  formula3  of  acids  with  the  symbol  of  oxygen  as  the  terminal  letter  is  the  ob« 
rendered  more  familiar  by  usa^e .    Both  systems  are  employed  in  this  book. 
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iodates  exist,  but  for  their  study  the  pupil  must  be  referred  to  8om« 
larger  work. 

The  halogenes  can  form  a  number  of  compounds  with  each  other. 
Three  of  these  are  produced  by  the  union  of  the  elements,  atom  for 
atom,  they  are  Br  CI,  bromine  monochloride,  an  unstable  liquid 
decomposing  above  10°,  I  CI,  iodine  monochloride,  a  fluid  which  is 
readily  decomposed  by  water,  and  I  Br,  iodine  monobromide,  a  more 
stable,  crystalline  solid.  In  addition  to  these,  a  solid  trichloride  of 
iodine,  I  Clg  and  a  liquid  penta  fluoride  I  Fg  are  known.  Br  CI, 
I  CI  and  I  Br  are  formed  by  tte  direct  union  of  the  elements,'  I  Cl« 
by  the  addition  of  chlorine  to  I  CI  and  I  F5  by  the  action  of  iodine 
on  the  fluoride  of  silver.  All  of  these  compounds  are  decomposed 
by  the  addition  of  water,  although  I  CI3  can  exist  provided  but  little 
water  is  present.     The  reaction  with  I  F5  is  as  follows: 

I  F5  +  3  H2  O  =  H  IO3  +  5  HF. 

Iodic  acid,  which  is  derived  from  an  oxide,  I3  O5,  in  which  iodine  is 
quinquivalent,  is  therefore  also  formed  from  a  fluoride  of  iodine  in 
which  the  latter  is  likewise  quinquivalent.  In  comparing  the  formulae 
of  I  Br,  I  CI3  and  I  F5  we  are  impressed  with  the  fact  that  an  atom 
of  iodine  can  combine  with  more  atoms  of  another  halogene,  the 
greater  the  difference  between  the  atomic  weights  of  the  two  uniting 
elements. 

The  following  is  a  table  of  the  formulae  belonging  to  the  com- 
pounds discussed  in  the  last  two  chapters : 


CHLORINE. 


Oxides  CI  sO 
CltOs 
.     CI    Oe 


Acids  H  O  CI 
HOgCl 


HOsCl 
H  O4  CI 


Acids  H  O  Br 


HOs  Br 
H  O4  Br* 


IODINE. 


Oxides 


I«05 


Acids 


HOs  I 
HO4I+ 


•  Existence  doubtful. 

t  This  acid  exists  in  its  hydrated  form,  U5  lOe.  The  stability  of  all  of  the  acids 
and  of  their  salts  iucreases  with  increasing  number  of  oxygen  atoms.  They  are  all 
powerful  oxidizers. 
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CHAPTER  XXI. 


THE  COMPOUNDS  OF  THE  ELEMENTS  OP   THE  SULPHUR 

FAMILY  WITH  OXYGEN  AND  WITH  OXYGEN 

AND  HYDROGEN. 

Sulphur  dioxide  and  sulphuroug  acid.      Sulphur  dioxide — formula 

jSO„  ^leeific  gravity,  air  =  1,  it  2.23,  ff  =  2  is  63.90;  1  e.e.  at 

0°  and  .76  wt  pressure  weighs  .00286  grams. 

The  oxygen  compounds  of  the  elements  of  the  sulphur  family, 

vhile  they  manifest  certain  resemblances  to  those  of  the  hal<^enea, 

differ  widely  from  the  latter,  both  in  their  formulae  and  characterie- 

tice.     The    two  series   of   compounds  resemble    each  other  chiefly 

because  the  members  of  both  are  anhydrides,  they  differ  very  greatly 

however,  in  the  ease  with  which  they  are  decomposed.     The  oxides 

of  chlorine  were  all  explosive  compounds,  while  that  of  iodine  was 

disintegrated  at  300°;  on  the  other  hand  those  of  the  elements  of  the 

sulphur  family  are  quite  stable  and  also  have  different 

formulae.     Thus  the  oxides  of  the  halogenes  (with  the 

exception  of  CIO,)  are  formed  by  joining  two  atoms  of 

such  an  element  by  means  of  a  bivalent  oxygen  atj>m 

as  in  CI  —  O  —  CI  and  O  =  CI  —  0  —  CI  =0,  while 

the  ones  of  the  sulphur  group  have  no  such  linking,  as 

will  be  seen  from  the  formulie  of  the  following  com- 

TiQURE  25.  poun'le: 

=0 


s 


(=0 

'1:8 


This  difference  in  the  formulae  of  the  anhydrides  produces  a  differ- 
ence  in   those   of    the   acids 
derived    from    them,  for,    in 
changing  the  oxides  of  the  hal- 
ogenes into  acids,  the  water,  Fioure   26. 
in  order  to  form  two  hydroxile  groups,  attacks  the  linking  oxygen, 
and  thus  gives  us  acids  containing  but  one  hydrogen  atom,  but  in 
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converting  the  oxides  of  the  sulphur  family  no  such  separation  can 
take  place.     The  following  formulae  will  make  this  more  apparent 
(X  denotes  a  halogene  atom  and  Y  an  atom  of  any  element  of  the 
sulphur  group): 
X  — O     H  X  — OH  ,__^  (=0 

X     0  — H     X  — OH  (-u-h±i  |_o_H 

O— H 
XjO     +H2O     =2X  OH    and     YO3+ H3   0  =  Y08    H-, 

The  above  makes  it  plainly  evident  that  while  the  first  acid 
derived  from  any  of  the  oxides  of  the  halogenes  must  contain  one 
hydrogen  atom,  those  of  the  sulphur  group  must  contain  two.  As  a 
general  rule,  the  most  important  acids  in  any  chemical  family  have 
as  many  replaceable  hydrogen  atoms  as  are  contained  in  the  corres- 
ponding hydrogen  compounds,  for  instance,  H  CI  and  H  CI  O3,  H  I 
and  H  lOa,  H^  S  and  Ha  SO4,  Ha  Se  and  Ha  8e  Oj.  All  of  the 
hydrated  acids  must  bear  a  simple  relationship  to  these,  for  they  are 
simply  formed  therefrom  by  the  addition  of  water.  Subsequently 
we  will  see  that  the  same  rule  appertains  to  the  nitrogen  family. 

The  elements  of  the  sulphur  family  form  the  following  oxides 
and  acids: 

8  O2  sulphur  dioxide        +  Hg  O  =  Ha  SOg  sulphurous  acid. 
S  Oa  sulphur  trioxide        +  Ha  O  =  Hg  SO4  sulphuric  acid. 
8e  Oa  selenium  dioxide      -|~  Ha  O  =  Ha  Se  O3  selenious  acid. 
Te  Oa  Tellurium  dioxide  +  Ha  O  =  Ha  Te  Og  Tellurous  acid. 
Te  Og  Tellurium  trioxide  +  Ha  O  =  Ha  Te  O,  Telluric  acid. 

Two  oxides,  Sa  Og  and  Sa  0^,  have  also  been  made,  while  a  num- 
ber of  sulphur  acids  of  less  importance  than  the  above  exist. 
Mention  of  these  will  be  made  at  the  proper  time.  All  the  elements 
of  the  sulphur  group,  on  burning  in  air  or  oxygen,  form  the  dioxides, 
and  these  can  be  converted  into  the  trioxides  by  oxidation,  except- 
ing in  the  case  of  selenium,  the  trioxide  of  which  has  never  been 
prepared. 

The  natural  occurrence  of  sulphur  dioxide  is  limited  to  the  gases 
which  escape  from  the  craters  of  volcanoes,  but  as  sulphur  is  gener- 
ally found  in  the  coals  used  as  fuel,  sulphur  dioxide  must  be  a 
product  of  their  combustion,  and  hence  occurs  in  minute  traces  in 
the  atmosphere  of  cities,  although,  being  moist,  it  is  rapidly  oxidized. 
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The  history  of  sulphur  dioxide  is  as  ancient  as  that  of  sulphur 
itself,  for  as  it  is  produced  by  the  combustion  of  the  latter,  its  pro- 
perties could  not  fail  to  become  an  object  of  interest.  The  Romane 
were  well  acquainted  with  the  disinfecting  powers  of  burning  sul- 
phur and  used  it  in  cleansing  their  wine-skins;  sulphur  dioxide  was 
confounded  with  sulphuric  acid  by  the  alchemists;  Btahl  first  proved 
its  individuality ;  Priestley  obtained  it  pure  by  collecting  over  mer- 
cury and  Lavoisier  explained  its  composition. 

Sulphur  dioxide  can  be  formed  either  by  oxidizing  sulphur  or  by 

deoxidizing  sulphuric  acid.  With 
the  first  method  we  are  already 
acquainted,  for  we  saw  that  sul- 
phur or  combustible  substances 
containing  sulphur,  yielded  sul- 
phur dioxide  in  burning;  the 
second  method  is  best  employed 
in  preparing  the  gas  for  labora- 
tory use.  Substances,  such  as 
charcoal,  sulphur  and  some  of 
the  metals,  will  reduce  sul- 
phuric acid  while  they  them- 
selves become  oxidized.  If  char- 
coal is  heated  with  sulphuric  acid 
carbon  dioxide  and  sulphurous  acid  are  produced: 

2  H,  SO,  +  C  =  CO2  +  2  H2  SO3, 

but  the  latter,  being  an  acid  the  anhydride  of  which  is  a  gas,  breaks 
down  into  water  and  that  anhydride : — 

H2  SO,  =  H.  O  +  SO2. 

Sulphur  acts  in  a  manner  similar  to  charcoal,  with  the  difference 
that  with  it  only  sulphur  dioxide  can  be  formed: — 

2  H2  80,  +  S  =  SO2  +  2  H2  SO3  and  2  Hg  SO3  =  2  Hg  O  +  2  SO^, 

so  that: — 

2  Ha  SO,  +  S  =  3  SO2  +   2  H2  O. 

Better  than  either  of  these  methods  is  the  preparation  by  means 
of  copper  and  sulphuric  acid.  Cold  sulphuric  acid  has  very  little 
action  on  copper,  but  if  copper  shavings  are  heated  with  sulphuric 
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acid,  sulphur  dioxide  will  be  given  off  *^.  Some  little  doubt  exists 
as  to  the  mechanism  of  this  reaction.  One  explanation  which  has 
been  offered  is  as  follows.  When  dilute  sulphuric  acid  acts  on 
zinc,  hydrogen  is  produced: 

Zn  +  Hg  SO,  =  Zn  SO,  +  2  H, 

but  if  the  sulphuric  acid  is  hot  and  concentrated,  not  hydrogen,  but 
sulphur  dioxide  is  formed.  It  is  therefore  reasonable  to  suppose  that 
the  first  result  of  the  contact  of  zinc  and  sulphuric  acid  always  is 
the  liberation  of  hydrogen,  but  when  the  acid  is  hot  and  concen- 
trated the  conditions  are  so  altered  that  it  will  give  up  its  oxygen  very 
readily.  The  hydrogen  which  is  being  generated  would  then  form 
water  with  the  oxygen,  so  that  sulphurous  acid  would  be  set  free: 

1.  Zn  +  Ha  80,  =  Zn  SO,  +  2  H 

2.  2  H  +  Ha  SO,  =  2  Ha  O  +  SOg,  combining  1  and  2  we  have, 
g.  Zn  +  2  Ha  SO,  =  Zn  SO,  +  2H2  O  +  SO,, 

Now,  although  copper  produces  no  hydrogen  with  sulphuric  acid, 
yet  it  can  be  conjectured  that  the  reaction  takes  place  in  a  manner 
similar  to  that  given  above,  substituting  copper  for  zinc.  There  is 
strong  reason  to  suppose,  however,  that  when  metals  produce  sulphur 
dioxide  from  sulphuric  acid,  they  act  exactly  as  do  carbon  or  sulphur, 
by  removing  oxygen  without  having  to  call  in  the  aid  of  hydrogen : 

Ha  SO,  +  Cu  =  Ha  SOa  +  Cu  O. 

The  copper  oxide  formed,  being  a  base,  would  dissolve  in  sul- 
phuric acid,  forming  copper  sulphate  and  water: 

Cu  0  +  Ha  SO,  =  Cu  S0,+  Ha  O, 

so  that  the  entire  reaction  would  be: 

2Ha  SO,  -f  Cu  =  Cu  SO,  +  SOa  +  2  Ha  O. 

Reactions  of  this  kind  are,  however,  not  as  simple  as  has  generally 
been  supposed. 

Another  method  quite  frequently  employed  in  the  preparation  of 
•ulphuric  acid  is  by  an  addition  of  an  acid  to  a  sulphite,  thus: 

Na  aSOa  +  2  H  CI  =  2  Na  CI  +  Ha  SO,. 
Na,  SO3  +  Ha  SO,  =  Na^  SO,  +  Ha  SO,, 

feho  sulphurous  acid  so  formed  then  breaks  down  into  sulphur  dioxide 
•nd  water.     This  way  of  preparing  sulphur  dioxide  is  often  very 
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convenieDt,  for  the  apparatus  which  waa  employed  in  the  produc- 
tion of  hydrochloric  acid  can  be  used. 

Sulphur  dioxide  is  a  colorless  gas  with  the  familiar  odor  of  a 
burning  sulphur  match.  The  application  of  the  moderate  cold  of 
salt  and  snow  changes  it  to  a  clear  liquid,  which  boils  at — 10°. "  If 
this  liquid  is  evaporated  rapidly  under  the  air  pump,  the  temperature 
sinks  to  —  68°,  while  the  liquid  freezes  at  — 76°.  Sulphur  dioxide 
is  poisonous;  when  it  is  present  in  small  quantities  it  causes  irritation 
of  the  throat  and  violent  coughing,  in  larger  quantities  hemorrhages 
from  the  lungs,  mouth  and  nose  occur.  Workmen  who  are  contin- 
ually exposed  to  the  gas  are  affected  with  loss  of  appetite  and  head- 
ache. Vegetation  is  destroyed  by  sulphur  dioxide  so  that  in  many 
places  very  stringent  laws  are  passed  regulating  the  working  of  facUi- 
ries,  from  the  chimneys  of  which  sulphur 
dioxide  escapes.  Sulphur  dioxide  is  not 
combustible,  a  fact  which  is  self-evident 
when  we  consider  that  it  is  the  only  com- 
pound of  sulphur  ever  formed  by  burning 
that  element  in  the  air;  it  is  an  extremely 
stable  body  and  hence  will  not  support 
combustion,  in  fact  only  in  a  few  instances, 
such  as  in  its  action  on  sulphuretted 
hydrogen,  does  it  appear  as  an  oxidizer. 
Figure  28.  (Seepage  88.) 

When  sulphur  bums  in  oxygen  no  change  of  volume  of  the 
gas  occurs,  this  phenomenon  which  i8  like  that  we  observed 
in  the  decomposition  of  sulphuretted  hydrogen  by  means  of  a  hot 
iron,  for  that  also  took  place  without  alteration  of  volume.  The 
explanation  is  the  same  in  both  cases,  for  in  the  one,  each  molecule 
of  Hj  S  yields  a  corresponding  molecule  of  hydrogen,  while  the 
volume  of  solid  sulphur  produced  need  not  be  taken  in  consideration; 
in  the  other  each  molecule  of  oxygen  takes  up  an  atom  of  sulphur 
to  produce  a  molecule  of  SOj,  so  that  any  number  of  molecules  of 
H,  8  would  yield  the  same  number  of  molecules  of  H,  and  any 
number  of  molecules  of  Oj  would  yield  the  same  number  of  80,. 
Sulphur  dioxide  can,  under  proper  conditions,  readily  add  oxygen 
to  form  sulphur  trioxide;  so  for  instance,  sulphur  trioxide  is  produced 
by  passing  a  mixture  of  sulphur  dioxide  and  oxygen  through  a  heated 
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tube  coatoining  a.  piece  of  spongy  platinum,  or  when  sulphur  dioxide 
is  exposed  to  the  aotioii  of  ozoue.  In  the  same  way  the  gas  can  add 
chlorine,  for  sulphur  dioxide  and  chlorine  mixed  and  placed  in  the 
annlight  produce  sulphury  1  chloride,  SOg  Clg,  a  compound  which  is  of 
coDsiderable  importance  to  us  theoretically: 

SO,  +  2  CI  =  SO,  CI,. 
Sulphur  dioxide  is  quite  soluble  in  water,  one  volume  of  that 
liquid  absorbs  45  volumes  of  the  gas  at  ordinary  temperatures;  th« 


solution  has  the  odor  and  characteristics  of  sulphur  dioxide  audit  pre- 
sumably contains  sulphurous  acid,  which  is  chemically  a  much  mora 
reactive  aubstauce  than  the  gaseous  anhydride,  it  readily  absorbs  oxy- 
gen from  the  atmosphere  and  therefore,  if  left  exposed  for  any  con- 
siderable length  of  time, will  contain  nothing  but  sulphuric  acid.  It 
ifi  consequently  seU-evident  that  oxidizing  agents  such  as  chlorine, 
bromine  or  nitric  acid  wiU  change  sulphurous  acid  to  sulphuric  acid 
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with  the  greatest  ease.  Two  atoms  of  chlorine  or  bromine  produce 
•ne  atom  of  oxygen  from  water: — 

Ho  O  +  2  CI  =  2  H  CI  +  O, 

and  one  formula  weight  of  sulphurous  acid  requires  one  atom  of 
oxygen  to  change  it  to  sulphuric  acid : — 

H,  803  +  0=  Ho  SO,, 
therefore 

H2  8O3  4-  2  X  +  Ho  O  =  H2  80,  +  2  HX 

where  X  is  used  to  designate  the  halogene.  The  oxidation  of  sul- 
phurous acid  with  nitric  acid  and  the  oxides  of  nitrogen,  which  Im 
used  in  one  of  the  most  important  commercial  processes  known — 
namely  in  the  preparation  of  sulphuric  acid,  will  be  discussed  in  con- 
nection with  that  substance.  Sulphurous  acid  is  one  of  the  favorite 
reducing  agents  in  the  laboratory  and  we  will  frequently  have  occa- 
sion to  refer  to  it  in  that  capacity. 

When  heated  in  a  sealed  tube,  sulphurous  acid  changes  to 
sulphuric  acid  and  sulphur :  — 

3  Ha  8O3  =  2  H.,  SO,  +  Ha  O  +  8 

and  in  the  same  way  the  sulphites,  when  heated,  always  form  sul- 
phates by  using  all  of  their  oxygen  for  this  purpose,  for  instance: — 

4  Na^  8O3  =  3  Na^  80,  +  Na,  8. 

These  reactions  remind  us  most  forcibly  of  the  similar  ones  which  took 
place  with  the  oxygen  acids  of  the  halogenes,  for  those  acids  and  salti 
containing  the  most  oxygen  were  also  the  most  stable. 

Acids  which  contain  one  atom  of  hydrogen  replaceable  by  metals 
are  called  unibaaiey  those  with  two,  dibasic,  those  with  three,  tribdsic, 
those  with  four,  quadribasic,  and  so  on,  while  all  acids  with  more  than 
one  replaceable  hydrogen  atom  are  polybasic,  so  that  sulphurous  acid 
is  a  dibasic  acid.  We  are  acquainted  with  two  series  of  salts  derived 
from  dibasic  acids,  accordingly  as  the  metal  replaces  one  or  both 
atoms  of  hydrogen.  If  we  designate  a  univalent  metal  by  M,  then 
these  salts  of  sulphurous  acid  would  be  M  H  SO3  and  Mj  SOt  respect- 
ively, if  M'  denotes  a  divalent  metal,  then  the  formulae  are: — 

M'^ft9«  =  M'  (H  SO.X  and  M'  SO,. 
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Salts  f  ormed^by  replacing  one  atomof  hydrogen  in  an  acid  by  a  metal, 
are  called  primary,  those  by  replacing  two,  secondary,  those  by 
replacing  three,  tertiary  and  so  on,  so  that  Na  H  SOj  would  be 
primary,  and  Na,  SOg  secondary  sodium  sulphite*.  When  a  base  acts 
upon  sulphurous  acid  we  can  consider  the  first  reaction  to  be  as 
follows: — 

^  r— o— H  +  MOH    ^  r— o— M  +  H2O 

SO,  Ha  +  M  O  H  =  SO3  H  M  +  Ha  O. 

Sulphurous  acid  +  a  base  =  a  primary  sulphite  +  water. 

More  of  the  base  acting  on  the  primary  salt  would  then  produce 
the  secondary: — 

^  f  — O— M  ^  (— O— M 

S  =0  =s  =^ 

(—0— H  +  MOH  (— O— M+H2O.    , 

SOa  MH  +  MOH  =  SOa  Ma     +  H^  O. 

i*rimary  sodium  sulphite  +    abase    =   secondary  sodium  sulphite   +  water. 

Adding  a  base  to  a  primary  salt  will  therefore  produce  a 
secondary  one;  and  inversely,  adding  more  of  the  acid  to  the  second- 
ary salt  will  produce  the  primary  one : 

SOa  Ma  +  Ha  80a  =  2  SOg  MH. 

Salts  containing  hydrogen  which  has  not  been  replaced  by  metals 
are  frequently  called  acid  salts,  and  those  which  have  exchanged  all  of 
their  hydrogen,  nett^ra!,  salts,  but  such  desig- 
nations are  frequently  misleading,  for  we  are  |  i^jbb 
acquainted  with  salts  of  the  former  class,  such 
as  the  primary  carbonate  of  sodium,  Na  H  COa , 
having  an  alkaline  reaction,  while  in  some 
cases  those  of  the  latter  are  acid  toward  lit- 
mus, as  is  the  case  with  aluminium  sulphate, 
Alj  (SO^)a.  Where  a  metal  like  sodium, 
which  has  most  pronounced  metallic  properties,  Figure  30. 
replaces  the  hydrogen  of  a  weak  acid,  the  resulting  salt  is  apt  to 
have  an  alkaline  reaction  and  conversely,  where  a  metal  which  is 
not  strongly  characterized,  as  is  aluminium,  is  found  forming  a  salt 

*  Sometimes  oalled  acid  and  neutral  sodium  sulphite  while  Na  HSO«  is  also  some- 
called  sodium  bisulphite. 
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with  a  strong  acid,  then  the  reaction  of  the  salt  will  probably  be 
acid.  But  what  is  a  weak  and  what  is  a  strong  acid  ?  The  question 
is  much  easier  to  ask  than  to  answer,  but  the  following  must  at  pres- 
ent be  taken  as  coming  nearest  the  truth.  When  an  acid  acts  on  a 
salt  it  partially  expells  the  acid  of  the  latter  and  unites  with  the  base, 
and  if  equivalent  quantities  are  taken,  the  distribution  ratio  of  the 
base  is  a  measure  of  the  affinity.  By  equivalent  quantities  we  mean 
the  amount  in  grams  expressed  by  the  formula  weights.  Thus 
equivalent  quantities  of  sodium  chloride  and  sulphuric  acid  would  be: 

Na  CI,  formula  weight  23  +  35.5  =  58.5. 

Ha  SO,      *'  **     2  +  32+    (4x16)  =98 

Equivalent  quantities : 
58.5  grams  sodium  chloride  and  98  grams  sulphuric  acid,  for  Na  Gl  +  Ht  SO4. 

**  Daily  experience  in  the  laboratory  teaches  us  that  the  affinity 
of  acids  for  bases  is  of  such  a  nature  as  to  appear  a  specific  property 
of  the  acids.  When  we  say  that  carbonic  acid  is  a  weak  acid  and 
sulphuric  acid  a  strong  one,  we  do  not  thereby  mean  that  it  is  so 
with  respect  to  this  or  the  other  base,  but  that  it  is  so  in  general."* 
Any  metal  replacing  the  hydrogen  of  acetic  acid,  for  instance, 
will  be  more  feebly  united  in  the  resulting  salt  than  it  would  be  with 
sulphuric  acid,  no  matter  if  we  compare  the  salts  of  the  intensely 
metallic  potassium  or  of  the  weakly  metallic  aluminium.  If  we  mix 
sodium  chloride  and  nitric  acid  in  aqueous  solution  and  in  equivalent 
quantities,  the  following  changes  will  take  place,  until  an  equilibrium 
IS  reach  pd  * 

»    *     NaCl  +HN08  =  NaN08  +  HCl     and 
NaN08+   HCl   =   NaCl  +  HN  Oa 

So  that  Na  CI,  HN  O3,  Na  NOj  and  H  CI  will  all  be  present. 
Now,  the  two  salts,  Na  CI  and  Na  NOg,  will  be  formed  in  equal  quanti- 
ties, so  that  hydrochloric  and  nitric  acids  are  acids  of  about  the  same 
strength.  If,  on  the  other  hand,  we  mix  sodium  chloride  with  sul- 
phuric acid,  about  two-thirds  of  the  metal  will  remain  in  sodium 
chloride,  while  one-third  will  go  to  form  sodium  sulphate,  and 
accordingly,  sulphuric  acid  would  be  a  weaker  acid  than  hydrochloric 
acid,  contrary  to  what  is  generally  supposed.  The  distribution  ratio  of 
the  metal  used  in  the  above  reactions  would  therefore  be  as  1:1  with 
nitric  and  hydrochloric  acids  and  as  3 : 2  with  hydrochloric  and  sul- 


*Ostwald.  Outlines  of  General  Chemistry,  p.  3S7  and  suh. 
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phuric  acids.  This  conclusion,  at  first  sight,  seems  very  strange  if  we 
remember  that  when  tolerably  concentrated  sulphuric  acid  is  added 
to  sodium  chloride  or  sodium  nitrate,  sodium  sulphate  is  formed  and 
either  hydrochloric  acid  or  nitric  acid  are  given  off,  but  we  must 
consider,  that  after  mixing  salts  and  acids,  the  least  volatile  acid 
will,  upon  heating,  finally  expel  the  more  volatile  ones  from  their 
salts,  and  that  sulphuric,  is  much  less  volatile  than  either  nitric  or 
hydrochloric  acid.  It  is  for  this  reason  that  sulphuric  acid  is  also  fin- 
ally expelled  from  its  salts  when  they  are  heated  with  much  weaker, 
not  volatile,  acids,  such  as  phosphoric  or  silicic.  A  few  of  the  more 
important  acids  can  be  written  in  the  following  order,  judging  their 
strength  by  means  of  the  relative  amounts  of  metal  which  they  will 
take  from  a  chloride,  when  mixed  with  the  latter  in  equivalent 
quantities : 

1.  Hydrochloric  acid.   , 

2.  Nitric  acid. 

3.  Hydrobromic  acid. 

4.  Hydroiodic  acid. 

5.  Sulphuric  acid. 

6.  Selenic  acid. 

7.  Phosphoric  acid. 

8.  Hydrofluoric  acid. 

9.  Silicic  acid. 

The  heat  produced  by  neutralizing  an  acid  with  a  base  has  appar- 
ently nothing  to  do  with  the  strength  of  this  acid,  for  the  greatest  heat 
is  produced  by  neutralizing  hydrofluoric  acid,  and  the  next  greatest 
with  sulphuric  acid,  so  that  if  were  to  take  the  relative  heats  of 
neutralization  as  indicating  the  relative  strength  of  acids,  quite  a 
different  order  from  the  one  given  above  would  result,  and  certainly 
those  salts  which  give  the  greatest  amount  of  heat  in  their  formation 
wi>uld  in  the  dry  state  require  the  most  energy  for  their  decomposi- 
tion. At  some  future  time  the  relation  between  the  heats  of 
neutralization  and  the  strength  of  an  acid  will  undoubtedly  be  dis- 
covered. 
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SULPHUR  TRIOXIDE,  SULPHURIC  ACID  AND  THE  REMAIN- 
ING SULPHUR  ACIDS. 

Sulphur  dioxide  does  not  unite  with  oxygen  under  ordinary  cir- 
eumstances,  but  when  a  mixture  of  the  two  gase»  is  passed  over 
heated  platinized  asbestos,  union  takes  place  and  sulphur  trioxide  is 
formed.  When  the  latter  is  required  for  use  in  any  quantity  it  is 
better  to  heat  fuming  sulphuric  acid,  as  this  substance  contains 
a  large  quantity  of  the  trioxide  dissolved,  or  to  heat  an  easily 
decomposed  sulphate  which  will  form  a  base  and  sulphur  trioxide. 
Ferric  sulphate  is  best  for  this  purpose;  the  reaction  takes  place  as 
follows : 

Fe2(80,)3  =  Fe2  08  +  3S03. 

The   action   of   ozone    on   sulphur  dioxide   also  produces  the  tri- 
oxide (pages  134  and  136). 

Pure  sulphur  trioxide  is  a  colorless  liquid  at  ordinary  tempera- 
tures, but  when  gradually  cooled  it  forms  colorless  prismatic  crystals 
which  melt  at  15°.  The  substance  boils  at  46**,  and  forms  a  color- 
less vapor  which  has  a  specific  gravity  of  2.76,  air  being  one,  and 
therefore,  hydrogen  being  two,  of  79.48,  its  molecular  weight  is 
consequently  80  and  the  formula  SOg.  The  ordinary  sulphur  trioxide 
of  commerce  is  a  substance  crystallizing  in  felt-like  crystals  resem- 
bling asbestos,  and  this  form  has  been  taken  for  a  second  modification 
of  the  body;  in  all  probability,  however,  this  difference  in  appearance 
is  due  to  the  presence  of  traces  of  water.  Pure  sulphuric  anL^. 
dride  does  not  redden  litmus  paper  nor  does  it  attack  the  hands, 
the  acid  and  corrosive  properties  only  appear  when,  by  the  addition 
of  water,  the  substance  is  converted  into  sulphuric  acid.  Sulphur 
trioxide  greedily  absorbs  moisture  from  the  atmosphere;  when  a 
little  of  the  substance  is  placed  in  water  it  unites  with  the  latter  with 
M  hissing  noise,  like  that  produced  in  immersing  a  red  hot  iron. 
When  heated  to  a  red  heat  sulphur  trioxide  is  dissociated,  forming 
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sulphur  dioxide  and  oxygen;  two  volumes  of  sulphur  trioxide  yield- 
ing two  volumes  of  SO2  and  one  of  O,: 

r=o,  0=)  f=00=) 

8  ^  =0 '^"  0:;=  y  S     =    S  J  =0  0=^8 

(=0     0=3  (  o=o.  3 

Sulphur  trioxide   is  the  anhydride  of    sulphuric   acid  and  yieldt 
the  latter  on  addition  of  water;  SOj  +  Ha  O  =  Hj  SO^. 

The  constitution  of  sulphuric  acid  will  best  be  understood  if  wc 
consider  it  as  formed  from  sulphury  1  chloride,  SO2  Clg.  We  have 
seen  that  sulphur  dioxide  and  chlorine  unite  to  form  sulphuryl  chlo- 
ride (page  135.)     This  change  can   be  represented   by  structural 

formulse  as  follows: 

CI  r— CI 


s 


!=8  + 


=      S  ' 


^ 


CI 


=-0 

—CI 


Now,  sulphuryl  chloride,  when  water  is  added,  breaks  down  into 
sulphuric  acid  and  hydrochloric  acid,  and  it  is  obvious  that  iu  such 
a  reaction  the  chlorine  atoms  must  be  replaced  by  hydroxy le  groups, 
so  that  sulphuric  acid  must  contain  two  of  the  latter.  The  follow- 
ing formulse  will  make  this  conclusion  apparent: 

f  — CI  +  H— O— H  r— O— H  +  H  CI 

—CI  +  H— O— H  I  -  O— H  +  H  CI 

Sulphuric  acid  can  successively  take  up  one  and  two  molecules  of 
water  to  form  two  hydrated  acids,  H^  SOg,  (Hj  SO^  +  Ha  O)  and  H^ 
SO«  (H2SO4  +  2H2O);  it  is  in  the  latter  form  that  the  acid 
probably  exists  when  a  large  excess  of  water  is  present,  so  that  the 
three  oxygen  atoms  of  sulphuric  anhydride,  when  the  latter  is  dis- 
solved, finally  give  place  to  six  hydroxyle  groups: 

(=0+H     -      ^i-O-H  "®1      n    w  "       ^i-O-H 

O—H  L  -O-H  [  _Q_jj 

SOs  +  H,  O  =  H,SO„  +  H,0  =  H4  SO5,  +  H,  O   =  Hg  SOg. 

The  two  acids,  Hg  SO4  +  Ha  O,  and  Hj  SO4  +  2  H.^0,  are  known, 

but  by  far  the  greater  number  of  sulphates  are  derived  from  Hj  SO4. 
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Sulpharic  acid  is  one  af  the  most  important  commercial  products 
known,  for  the  part  which  it  plays  in  modem  civilization  is  funda- 
mental. We  have  but  to  consider  that  it  is  eeaential  for  the  manu- 
factore  of  soda,  while  soda  b  required  to  prodace  both  soap  and 
glass,  in  order  to  see  that,  if  we  can  measure  the  civilization  of  a 
nadon  by  the  amount  of  soap  which  it  usee,  the  quantity  of  ealphuric 
acid  consumed  can  with  greater  reason  be  taken  as  an  indication  of 
the  stage  of  development  arrived  at  by  a  people. 

The  acid  has  been  known  since  the  time  of  the  Axabiao  alchem- 
ists bat  was  first  accurately  described  by  Basil  Valentine,  who  pre- 
pared it  in  the  fifteenth  century  by  heating  green  vitriol  (ferroua 
Bnlphate,  Pe  SO,)  with  sand.     The  French  emigrants  of  the  reign  of 
Louis   XrV    taught   the 
English   how  to  prepare 
the    acid    by   oxidizing 
Bulpbur  with  nitre,  and 
a    quack    doctor    named 
Ward,  ufdng  thb  method 
established,  the  first  sul- 
phuric acid  factory  in 
England,   at   Richmond. 
Dr.  Ward  partially  filled 
a   glass   vessel    of   about 
200  liters   capacity  with 
°'^^-  -  -  -       water,   and    then    placed 

Figure  31.  within  this  an  earthen  pot 

containing  an  iron  ladle,  on  which  was  burning  a  mixture  of  snlpbui 
and  ^i{>eire.  keeping  the  whole  tighttv  coveied  until  the  combus- 
tion wa^  c->mplete.  Of  course  this  was  all  veiy  crude,  and  the  pro- 
duct pTxiponionally  dear,  but  nevenheless  it  was  a  vast  improvemeot 
on  the  old  alcheniisiic  method,  for  the  price  of  sulphuric  acid  vta 
reduced  fn->m  about  three  dollars  and  twenty-five  cents  to  sixty  cents 
a  p>und.  In  1746  the  glass  vessel  was  replaced  by  a  lead  chamber 
and  after  this  improvement  exportation  to  the  continent  began,  so 
that  the  acid  became  known  as  English  sulphuric  acid,  a  name  which 
i^bear?  U>  the  present  day.  The  next  improvement  consisted  in 
■nbstitoiinj  steam  for  water  and  in  burning  the  mixture  of  saltpeter 
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and  sulphur  outside  the  chamber,  while  the  water  vapor  was  passed 

through  a  flue  together  with  the  products  of  oxidation,  the  process  by 

this  means  bepoming  continuous.     Finally  the  sulphur  was  burned 

in  a  separate  furnace,  while   the   sulphur  dioxide   so  formed  was 

oxidized  in  the  chamber  by  means  of  nitric  acid,  and  so  the  present 

continuous  process  evoluted  from   Dr.  Ward's  glass  vessel,  while 

the  price  of  the  acid  sank  from  sixty  cents  to  less  than  three  cents  a 

pound. 

The  manufacture  of  sulphuric  acid  is  based  upon  the  following 

changes : 

SO2  +  Ha  O  =  Ha  SOs, 

H2  SOa  +  O  =  Ha  SO,, 

and  therefore  its  cheapness  depends  upon  the  ease  with  which  sul- 
phur dioxide  can  be  prepared  and  upon  the  substance  used  as  an 
oxidizer.  It  might  not  be  unreasonable  to  suppose  that  the  oxygen 
of  the  atmosphere  would  be  most  available  for  the  purpose,  but, 
unfortunately,  sulphurous  acid  is  oxidized  much  too  slowly  for  com- 
mercial purposes  by  oxygen  alone.  If,  however,  we  could  furnish 
some  ready  means  of  conveying  oxygen  from  the  atmosphere  to  the 
sulphurous  acid  by  the  intervention  of  some  chemical  compound,  the 
problem  would  be  solved.  This  is  done  by  means  of  nitric  acid  in 
the  present  continuous  process;  the  main  changes  taking  place  in 
which  are  as  follows : 

1.  A  mixture  of  nitric  acid  and  sulphurous  acid  act  on  each 
other,  the  sulphurous  acid  is  oxidized  to  sulphuric  acid  and  the  nitric 
acid  is  reduced  to  nitrous  acid.  « 

2 Ha  SOs  +  2HNO3  =  2  Ha  SO,  +  2HN0a. 

Nitrous  acid,  like  other  acids  the  anhydrides  of  which  are  gases, 
at  once  breaks  down  into  water  and  nitrous  anhydride : 

2HN0a=Ha0  +  Na0s, 

SO  that  the  entire  change  can  be  represented  by  the  equation : 

2HaS08  +  2  HNOa  =  2HaS0,  +  HjO  +  NaO,. 

2.  NaOg  with  water,  sulphur  dioxide  and  oxygen  forms  a  com- 
pound known  as  nitrosyl  sulphuric  acid,  which  latter  is  simply  sul- 
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phuric  acid  in  wliich  an  hydroxyle  group  is  substituted  by  the  group 
of  elemeutfi  NOa* 

—OH  —NO, 

S=0  c=0 

=0       0=0 

_0H.         _0— H. 
Snlphurlc  acid.    N1troByl4ulphunc  ac)d. 
The  reaction  can  be  lepresented  as  foUowe; 

(— OH 
2  SO,  +  N,0,  +  2  O  +  H,  O  =  2  J  SO, 

(  —  NO,. 


3.  Nitroiyl  sulphuric  acid  h 
acid  on  addition  of  water: 
fOH 
a.     8^0, 

reaks  down  into  N,  0,  an( 

jOH 

loH  +  NO,  H, 
0  so  that  combining  a 

H,  SO.  +  N,0.. 

■ulpburic 

I:  NO, 

+  H  ;OH 

b 
baTC 

2  SO,  H  = 

(  OH 

2  6^0, 
NO, 

=  N,0.  +  H 
+  H,0  =  2 

and   b,  we 

4,  Nj  Ojisnow  regenerated,  and  with  steam  and  air  can  once  more 
form  nitrosyl  sulphuric  acid  which,  with  water,  will  form  sulphuric 
acid,  80  that  theoretically  an  infinitely  small  quantity  of  nitric  acid 
iutroduced  at  thebeginuingof  the  operation  would  oxidize  any  amount 
of  sulphur  dioxide.  That  this  is  not  the  case  in  reality  is  due  to  the 
fact  that  other  minor  reactions,  produciug  lower  oxides  of  nitrogen, 
take  place  and  also  because  the  nitrogen  of  the  air,  as  it  takes  no  part 
in  the  reaction,  gradually  dilutes  the  gases  to  such  an  extent  as  to 
render  loss  inevitable.  The  commercial  production  of  sulphuric  acid 
is  carried  on  in  works  of  which  a  diagram  is  shown  in  Fig,  32." 
Sulphur  dioxide  is  prepared  by  burning  either  sulphur  or  iron 
pyrites  (Fe  Sj)  iu  a  furnace  with  free  access  of  air;  the  gas  enters 
the  flue  (a)  and  isconductedto  the  topnf  the  tower  (G)  which  is  filled 
with  pieces  of  fire  brick.  Two  vats,  (6),  one  containing  dilute  sul- 
phuric acid  and  the  other  a  couceutrated  acid  in  which  oxides  of 

)— H  Is  called  the  bydrax;le 
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nitrogen  are  dissolved,  are  constantly  emptyiiig  their  contents  into 
G.  The  latter  acid  is  supplied  from  the  tower  G',  the  object  of 
which  we  shall  see  later  on.  Conceutrated  sulphuric  acid  can  dis- 
solve large  quantities  of  the  oxides  of  nitrogen,  but  dilute  acid  has 
no  such  power,  so  that  mixing  the  contents  of  the  two  receptacles 
at  (6)  liberates  these  oxygen  compounds.  ■  The  acid  and  the 
oxides  of  nitrogen  mingle  with  the  sulphur  dioxide  entering  at 
a\  the  hot  gas  serves  to  concentrate  the  dilute  acid,  while  this 
cools  the  gas  before  it  passes  into  the  leaden  chambers.  Sulphur 
dioxide  mixed  with  oxides  of  nitrogen,  now  enters  the  bottom  of 
chamber  1,  and,  in  this,  comes  in  contact  with  steam  and  the  vapors 
of  nitric  acid;   the   latter  prepared   by  heating  a  mixture  of  sul- 


phuric acid  aud  sodium  nitrate,  by  meaus  of  the  sulphur  burning 
to  form  sulphur  dioxide.  Sulphuric  acid  is  formed  in  the  first 
lead  chamber,  while  the  unused  gases  are  passed  into  2,  and  then  into 
8,  in  both  of  which  places  they  come  in  contact  with  more  steam,  so 
that  in  these  the  changes  are  completed.  The  air,  which  is  supplied 
by  the  draught  of  a  large  chimney,  gives  up  its  oxygen  in  going 
through  the  chambers,  aud  therefore  the  gases  become  so  diluted  with 
nitrogen  as  to  be  no  longer  capable  of  taking  part  iu  the  reactions. 
These  diluted  portions  are  passed  in  at  the  top  of  the  tower  G', 
<M>utaiDing  pieces  of  coke  over  which  eouceutrated  sulphuric  acid  is 
constantly  trickling;  here  the  acid  dissolves  the  remaining  oxides  of 
10 
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nitrogen  which  pass  from  chamber  3,  and,  saturated  with  these  gases, 
can  be  pumped  to  one  of  the  vats  b  above  the  first  tower,  to  be  used 
as  was  indicated  above.  Experience  has  shown  that  the  acid  col- 
lected on  the  floors  of  the  chambers  must  not  contain  more  than 
65-66  per  cent,  of  Hj  SO^ ,  and  must  not  have  a  specific  gravity 
higher  than  1.5,  but  as  the  commercial  acid  has  a  specific  gravity 
of  1.83  and  must  contain  89-90  per  cent,  of  Hg  SO4,  the  concen- 
tration of  the  chamber  acid  is  carried  farther  by  placing  it  in 
flat  lead  pans  and  evaporating  the  excess  of  water  until  a  spe- 
cific gravity  of  1.75  is  reached,  and  then,  because  a  stronger  acid 
attacks  lead,  by  finally  completing  the  evaporation  in  platinum  or 
glass  vessels. 

Commercial  sulphuric  acid  is  an  oily  liquid*,  colored  slightly 
brown  by  impurities.  These  consist  of  sulphate  of  lead,  which  is 
introduced  from  the  lead  chambers  and  which  is  never  absent;  of 
the  oxides  of  nitrogen  (Ng  O3  and  NO2) ;  of  hydrochloric  acid  and  of 
arsenious  oxide  (  Asg  O3),  the  latter  because  arsenic  is  found  in  the 
minerals  roasted  for  the  preparation  of  sulphur  dioxide.  In  burn- 
ing iron  pyrites,  the  iron  is  changed  to  oxide  and  the  sulphur  to 
dioxide  and,  as  the  pyrites  frequently  contains  selenium,  selenium 
dioxide  and  selenium  collect  in  the  flues  and  in  the  muddy  residue 
at  the  bottom  of  the  chambers.  The  brownish  color  of  commercial 
sulphuric  acid  is  caused  by  organic  substances  which  have  fallen 
into  it.  Pure  sulphuric  acid  is  prepared  from  the  commercial  arti- 
cle by  distilling  from  platinum  vessels.  Many  so-called  pure  acids, 
however,  contain  arsenic,  because  arsenious  oxide  is  volatile  and 
will  therefore  pass  over  in  the  distillation,  unless  care  has  been 
taken  to  previously  oxidize  it  to  arsenic  acid. 

The  pure  acid,  Hj  SO4,  is  a  colorless  oily  liquid  with  a  specific 
gravity  of  1.85  at  0°.  Upon  being  cooled  to  0°  it  crystallizes  in 
large  prismatic  crystals  which  melt  at  10.5°,  it  boils  at  338*^  but, 
before  that  temperature  is  reached  it  begins  to  decompose  into  sul- 
phur trioxide  and  water,  while,  if  the  acid  is  heated  somewhat 
above  its  boiling  point,  this  separation  is  perfect: 

H2SO,  =  SO,  +  H20. 

*The  name  "oil  of  vitriol"  was  given  to  sulphuric  acid  by  the  alchemists 
because  of  its  oily  appearance  and  because  it  was  first  prepared  from  grreen  vitriol 
.{ferrous  sulphate). 


OENEBAL  DESCBIPTIVE  CHEMISTRY.  147 

Sulphuric  acid  has  a  great  inclination  to  take  up  water,  and  in  so 
doing  can  form  two  hydrated  acids:  H^  SO5  and  Hg  SOg.  The  first 
one  of  these  is  formed  when  a  mixture  of  Hj  SO4,  with  just  enough 
water,  is  cooled  to  a  low  temperature,  then  prisms  of  H4  SOg  separate. 
The  second,  or  normal  hydrate  is  produced  by  adding  the  requisite 
quantity  of  water  to  H4SO5.  A  large  amount  of  heat  is  developed 
in  the  formation  of  these  hydrates,  yet  the  heat  production  does  not 
cease  when  exactly  enough  water  to  produce  the  normal  hydrate  has 
been  added,  it  will  continue  until  the  proportions  are  expressed  by 
H2  SO,  +  1600  H2  O,  when  178  K  will  have  been  developed.  Sul- 
phuric acid  has  such  a  strong  tendency  to  unite  with  water  that  it 
can  take  the  elements  of  that  compound  from  organic  substances. 
If  it  is  mixed  with  sugar,  starch,  pieces  of  wood,  or  similar  sub- 
stances which  contain  hydrogen  and  oxygen  in  exactly  the  propor- 
tions to  form  water,  it  will  char  them  as  if  they  had  been  burned, 
for,  after  the  hydrogen  and  oxygen  has  been  taken  from  such  bodies, 
nothing  but  carbon  remains.  In  a  similar  way  sulphuric  acid  will 
attack  the  skin  or  mucous  membrane,  so  that  the  concentrated  acid 
is  a  violent  poison. 

Reducing  agents  readily  change  sulphuric  acid  to  sulphur 
dioxide  and  even  to  sulphur,  or  sulphuretted  hydrogen.  We  have 
studied  examples  of  such  reduction  in  the  changes  which  took  place 
when  hydroiodic  or  hydrobromic  acid  acted  upon  sulphuric  acid  (see 
pages  71  and  81 ).  As  a  general  rule,  hydrogen  compounds  will  read- 
ily reduce  sulphuric  acid  if,  like  hydroiodic  and  hydrobromic  acids, 
they  are  unstable;  for  instance,  hydrogen  sulphide,  selenide,  or 
telluride  will  act  in  the  following  way : 

H2  SO,  +  H2  S  =  2  H2  0  +  SO2  +  S 

This  reaction  is  exactly  like  that  taking  place  between  hydro- 
bromic and  sulphuric  acids : 

H2  SO,  +  2  H  Br  =  2  H2  O  +  SO2  +  2  Br, 

only  in  the  one  case  sulphur,  and  in  the  other  bromine,  is  produced. 
We  have  already  discussed  the  reduction  of  concentrated  sul- 
phuric acid  by  metals  (page  133),  so  that  in  this  place  it  is  only 
necessary  to  add  that  in  addition  to  copper  or  zinc;  silver,  mercury, 
and  a  number  of  others  will  produce  sulphur  dioxide  when  heated  with 
sulphuric  acid,  but  we  must  remember  that  in  cases  where  metals  are 
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attacked  by  the  dilate  acid,  hTdrc^gen  is  liberated,  as  we  saw  when 
we  discussed  the  preparation  of  that  element  (see  page  30 ).    Other 
easily   oxidized   substances,    like   charcoal   and  sulphur,    will   alRi 
readily  reduce  sulphuric  acid. 
I  I  One  of  the  chief  laboratory  uses  of  sulphuric  acid  is  to  prepare 

other  acids  hv  its  action  on  the  salts  of  the  latter,  and  we  have 
already  encountered  a  number  of  cases  in  which  it  was  applied  for 
this  purpose,  for  example: 

2  KXO,    -i-  H,  SO,  =  K^r^>^   +  2  H NO,, 
2  KO  O,  +  H^  SO,  =  K.  SO,   +  2  H  CI  O,, 
Xa^  SO,      +  H,  SO,  =  Xa.  SO,  +  IL  SO,. 
2  Xa  CI      +  hI  so,  =  Xa«  so,  +  2  H  CL 

Heretofore,  in  studying  such  relations,  we  have  always  taken 
the  formation  of  the  secondary  sulphate  for  granted,  but  this  iu 
reality  does  not  take  place  if  an  excels  of  sulphuric  acid  is  present. 
Sulphuric  acid  is  dibasic  and  we  therefore  can  have  two  series  of 
salts,  the  primary  MH  SO,  and  the  se<^\»ndary  Mj  SO,.  Xow,  if  we 
compare  the  action  <«f  sulphuric  acid  on  sodium  nitrate  or  sodium 
chloride  with  that  of  the  same  acid  on  s^xiium  hvdroxide,  we  will 
see  that  they  are  analoirous  prcK-esses,  and  if  we  can,  in  acting  on 
)  sulphuric  acid  with  Siniium  hydroxide,  replace  first  one  and  then 

,  both  hvdro2^en  atoms  with  the  metal,  it  follows  that  we  would  have 

I  the  same  chanires  were  we  to  substitute  sodium  chloride  or  sodiuDi 


)  nitrate 


1.  Xa  OH  -L  H— O  ^<.\       oH^o^Xa— O^^S--0 

H— <  >  ^^)  -O—  H    — O  ^  ^  ^  -  O 

Xa  OH  +  Hj  S<^>,  =  H,  O  -u  Xa  H  SO^ 

2.  Xa— <^  ^  <.\  =  i»_  Xa— 1>^  qS-O 
Xa  OH  -u  H— O    ^  ^  >  --  O  ~  H,  O  -f  Xa  — O^  ^l^O 

Xa  OH  —  Xa  HSO.  =-  H,  O  -^  X>,  SO^ 

1.  XaCl-*-H— o^    ^\   -o       HCl   --Xa— O^    o<  =  0 

H— <»^    ^>       O    '  H    — O^    ^?  =  0 

Xs  01  —  H,  SO,  ^ .  H  (  1  ^  Xa  HSO, 

2,  X»-<>^    ^    \       O  Xa  — O  ^  Q  J  =  O 
XaOl  — H— <l^    ^    )       O-^HCl  +  Xa— O  ^  ^J=0 

Xa  01  -»-  Xa  HSO,  H  Ol  ^  Xa,  SO^. 

The  above  reactions  are  a  ueco^ssarv  result  of  the  fact  that  in 
polybaaic  acids  the  hydn^ipeu  atoms  are  intirely  independent  of  each 
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other.     If,  therefore,  in  decomposing  a  salt,  we  use  an  excess  of  sul- 
phuric acid,  the  primary  sulphate  results,  if  we  use  an  excess  of  the 
salt,  we  produce  the   secondary   sulphate,  for  comparing   the  two 
reactions; 
Na  Cl+H,  SO4  =  Na  H  SO4+  H  a,  and  2  Na  CI  -|-  H,  SO^ = Na,  SO4+2H  CI, 

we  see  that  in  the  second  one  we  have  twice  as  much  sodium  chloride 
in  proportion  to  the  acid  as  in  the  first.  In  laboratory  practice  it  is 
expedient  to  so  calculate  the  relative  quantities  of  salt  and  sulphuric 
acid  as  to  always  produce  the  primary  sulphate,  because  the  latter  is 
easier  to  fuse  and  more  convenient  to  handle  than  the  secondary. 
On  heating  a  primary  sulphate*  we  form  the  corresponding  secondary 
sulphate  thus : 

2  Na  HSO,  =  Na,  SO,  +  H^  SO, 

and  we  can  accomplish  the  same  result  by  adding  a  base; 

Na  HSO,  +  Na  OH  =  Naa  SO,  +  H^  O, 

but  it  is  obvious  that  the  hydroxide  so  added  may  contain  a  different 
metal  from  that  already  present  in  the  salt,  so  that  secondary  salts 
containing  two  metals  may  be  formed; 

Na  HSO,  +  KOH  =  Na  KSO,  +  H^  O. 

By  adding  sulphuric  acid  to  the  secondary  sulphate  we  can  produce 
the  primary  one: 

Na,  SO,  +  H2  SO,  =  2  Na  HSO,. 

No  salts  formed  by  replacing  all  of  the  hydrogen  atoms  in 
either  of  the  other  two  hydrated  acids,  H,  SOg  and  Hg  SOg,  exist,  but 
some  are  known  in  which  a  metal  has  been  substituted  for  two  of 
these;  such  salts  are  frequently  considered  as  being  ordinary  sul- 
phates with  the  additional  water  attached  in  some  mysterious  way 
known  as  *' molecular  union"  and  so  their  formulae  are  written 
MSO,  +  H2  O  and  MSO,  +  2  Hj  O,  but  it  is  more  rational  to  look 
upon  these  as  secondary  salts  M  Hj  SOg  and  M  H,  SOg  of  the 
hydrated  acids,  H,  SOgand  H^  SO^.  This  theory  is  born  out  by  the 
fact  that  many  of  these  salts  only  lose  water  at  temperatures  consider- 
ably above  that  necessary  to  expel  water  of  crystallization,  which  fact 
seems  to  indicate  that  water,  as  such,  is  not  present  in  them,  but  that 
it  is  in  the  form  of  hydroxyle.     A  number  of  more  complicated  salts 

*  Also  termed  an  acid  or  a  blsulphate. 
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are  supposed  to  be  derived  from  normal  sulphuric  acid,  but  for  infor- 
mation regarding  these  a  larger  manual  must  be  consulted. 

Sulphur  trioxide  is  very  soluble  in  sulphuric  acid,  forming  an 
oily  liquid  which  gives  off  dense  white  fumes  in  the  air: 

This  solution,  which  has  the  composition  Hg  8,  O7,  is  known  as 
fuming  sulphuric  acid;  it  is  derived  from  sulphuric  acid  by  separ- 
ating water  from  hydroxy le  groups  belonging  to  separate  molecules, 
so  that  its  constitution  would  be  represented  as  follows : 

H— O^ 

s  s 

Hi-O  J 

This  acid  is  therefore  a  dibasic  acid,  formed  by  linking  two 
monovalent  groups  SOg  H  by  means  of  a  divalent  oxygen  atom,  and 
its  name,  disulphuric  acid,  suggests  this  constitution.  The  union 
of  two  such  monovalent  groups  by  means  of  a  polyvalent  atom  is  a 
phenomenon  of  quite  common  occurrence.  On  adding  water  to  disul- 
phuric acid,  sulphuric  acid  is  formed  and  on  extracting  water  from 
disulphuric  acid,  sulphur  trioxide  remains,  so  that  this  acid  lies 
between  sulphuric  acid  and  its  anhydride,  bearing  the  same  rela- 
tionship to  sulphuric  acid  as  the  latter  does  to  H4  SOg: 

H2  S3O,  +  H2O  =  2  Ha  SO,, 
H2S2O7  — H20  =  2S08. 

We  have  seen  that,  because  of  the  great  chemical  similarity 
between  the  two  elements,  sulphur  can  take  the  place  of  oxygen  in 
acids.  We  are  acquainted  with  the  salts  of  one  acid  (thiosulphuric 
acid),  derived  from  sulphuric  acid  in  which  such  a  substitution  has 
taken  place;  the  acid  itself  is  not  known.  Thiosulphate  of  sodium 
Nag  Sg  O3,  the  most  common  salt  of  this  acid,  can  be  considered  as 
sulphate  of  sodium  in  which  one  atom  of  oxygen  has  been  replaced 
by  one  of  sulphur: 

Na,  SO4,  sodium  sulphate  and  Na^  SSO,  sodium  thiosulphate. 

This  compound  is  frequently  called  the  hyposulphite  of  sodium, 
but  obviously  such  a  name  is  not  advisable  because  it  suggests  a 
relationship  to  sulphurous  acid  similar  to  that  sustained  by  hypochlo- 
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rous  acid  to  chlorous  acid,  while  such  a  parallelism  does  not  in  reality 
exist.  The  thiosulphate  is  changed  to  the  sulphate  by  heating,  all  of 
the  oxygen  being  used  to  form  the  latter  salt,  while  the  excess  of  sul- 
phur unites  with  the  excess  of  metal  to  form  the  sulphide.*  When 
thiosulphuric  acid  is  liberated  from  its  salts  by  the  addition  of  other 
acids  it  at  once  breaks  down  into  water,  sulphur  dioxide  and  sulphur. 

Naa  Sa  O^  +  H^SO,  =  Na«j80,  +  H^O  +  SO^  +  S. 

In  addition  to  those  which  have  been  mentioned,  a  series  of  acids 
containing  sulphur  and  which  have  the  following  formulae  exists: 


(=0    0=) 


1 .     Dithionic  acid,         H-O-S  ^  =  O    O  =  ^  S-O-H  =  H,  S,  O^ 


2. 


Trithionic  acid,        H-O-S  j  =  O    O  =  ^  S-O-H  =  H^  Sj  O^ 


r— O      O— ] 
3.    Tetrathionic  acid,    H-O-S  ^  —  0      0  — 

[      S       S 

S-O-H  —  H,  S,  Og 

r-o        0-) 

4.    Pentathionic  acid,  H-O-S  -^  —  0           0  —  [  S-O-H  —  H,  Sg  0.. 

• (-S-S-S-) 

They  can  all  be  considered  as  containing  the  univalent  group  of 

elements. 

n   {=^ 

^  (      0     H, 

which  occurred  in  disulphuric  acid  (see  page  150).  Two  of  these  are 
united  in  dithionic  acid,  while  in  the  remaining  three  they  are  joined 
by  means  of  sulphur  atoms,  as  is  shown  by  the  formulae.  Trithionic 
acid  therefore  is  disulphuric  acid  in  which  the  linking  oxygen  atom 
is  replaced  by  one  of  sulphur.  A  larger  text-book  must  be  consulted 
for  the  methods  of  preparation  and  general  characteristics  of  these 
acids.  The  constitutional  formulae  of  the  compounds  which,  in  the 
course  of  our  9tudy,  have  followed  sulphuric  acid  express  the  pres- 

*  The  f  ormulaB  of  the  sulphides  of  some  metals,  notably  those  of  the  alkali 
metals,  certainly  bear  a  most  remarkable  resemblance  to  the  oxyf;;en  compounds 
we  have  just  been  studying.  Thus  we  have  sulphides  of  potassium,  K»  S«,  K«  S«, 
K'  S4  and  Kb  SB,  called  poly  sulphides,  the  last  two  of  which  when  written  K*  SSs 
and  Et  SS«  might  possibly  be  K*  SO>  and  Ks  SO*  in  which  oxygen  is  replaced  by 
sulphur;  as.  however,  the  parallelism  does  not  extend  beyond  the  mere  relationship 
in  fhe  number  of  atoms,  and  as  we  have  no  knowledge  of  the  structural  formulaa  of 
the  polysulphldes,  this  interpretation  is  purely  speculative. 
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ent  state  of  our  knowledge,  but  the  whole  subject  will  bear  further 

ft 

:  investigation.     Constitutional  formulae  are  constructed  because  the 

;  peculiar  arrangements  of  atoms  in  them  seem  to  be  the  ones  which 

;  explains  all  of   the  reactions  entered  into  by  the  substances  which 

!  they  represent  and  which  are  also  indicated  by  the  manner  in  which 

•  these  substances  are  formed. 

As  might  be  expected,  sulphur  can  form  unstable  chlorides  by 

J  direct   union  with   chlorine.     The  first  product   of   the   action   of 

J  chlorine  on  sulphur  is  the  monochloride,  Sg  CI2,  if   the  action  of 

•  chlorine  is  continued  the  dichloride,  S  CI2,  is  formed,  and  lastly  if  a 

•  large  excess  of  chlorine  acts  on  the  dichloride  at  a  temperature  of 
s  — 22°  the  tetrachloride,  S  CI4 ,  results.  This  latter  compound  decom- 
■  poses  when  warmed  above  — 22°,  while  the  dichloride  is  only  stable 

below  6  to  10°.  Corresponding  compounds,  Sj  Brg  and  82 12,  exist, 
i  Compounds  of  sulphur  containing  both  chlorine  and  oxygen  are 

formed  from  sulphurous  and  sulphuric  acids,  by  substituting  chlorine 
1  for   hydroxyle   groups.      They   are  called   acid   chlorides   and   are 

SO  CI  a,  thionyl  chloride,  SO3  CI  H  sulphury  1-hydroxyl  chloride 
'  and  SO2  CI2,  sulphuryl  chloride. 

_o— H      r— CI 


s 


iri^fiim  s:s_^ 


O  — H 


Sulphurous  acid.  Thionyl  chloride.  Sulphuric  acid.   Sulphuryl-hydroxyl  Sulphuryl 

chloride.  chloride. 

Following  the  law  which  we  found  to  be  general  with  the  chlo- 
rides of  the  not-metals,  these  compounds  are  decomposed  into  the 
corresponding  acids  by  addition  of  water;  thionyl  chloride  forming 
sulphurous  acid  and  the  last  two  both  yielding  sulphuric  acid.  The 
decomposition  of  sulphuryl  chloride  in  this  way  not  only  has  an 
important  theoretic  bearing  in  the  constitution  of  sulphuric  acid, 
(See  page  141)  but  what  is  more,  the  formation  of  SOa  CI  H  from 
hydrochloric  acid  and  sulphuric  anhydride: 


1. 


0   f  =  ^ 

S  =8 


I  =  O  +  H  Cl 
shows  a  resemblance  between  hydrocbloric  acid  and  water  in  chemi- 


.H 
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cal  behavior;  for  the  following  reaction  (2)  is  clearly  analogous  to 
reaction  1 : 

'•     Sl=g  +  H-(OH)       "       M=0-i 


The  existence  of  these  compounds  illustrates  the  similarity  of  the 
hydroxides  of  the  metals  to  those  of  the  not-metals,  for  in  both 
classes  of  compounds  the  hydroxyle  groups  can  be  replaced  by  chlo- 
rine; only  with  metals  this  substitution  is  much  more  easily  brought 
about  than  with  not-metals.  The  hydroxide  of  the  metal  has  only 
to  be  treated  with  hydrochloric  acid  in  order  to  form  the  very 
stable  chloride: 

K-0-H  +  HCl  =  KCl  +  H-0-H, 

while  in  forming  the  acid  chlorides  some  roundabout  method,  which 
excludes  the  presence  of  water,  must  be  resorted  to,  for  these  com- 
pounds are  decomposed  by  the  latter  substance.  Chemists  have 
lately  looked  upon  sulphurous  acid  as  being: 


I. 


H 

J,  =  O  and  not  as  p.  —  O  —  H 

\  =  0  II.         \  =  O 

^  — 0  — H  U_o_H, 


so  that  an  analogy  between  that  acid  and  thionyl  chloride  would  not 
exist.  This  interpretation,  which  they  have  given  to  some  experi- 
ments made  with  organic  compounds,  seems  to  be  unnecessary,  it  is 
more  probable  that  the  replaceable  hydrogen  in  all  of  these  acids 
which  we  have  studied,  and  which  contain  oxygen,  is  present  in  the 
hydroxyle  groups,  so  that  the  formula  of  sulphurous  acid  would  be 
as  is  shown  above.     (II.) 

Two  other  oxides  of  sulphur,  Sg  O3  and  83  O7,  are  known.  Both 
of  these  very  readily  decompose,  the  former  into  sulphur  and  sulphur 
dioxide,  (8203  =  8  +  8O2)  and  the  latter  into  sulphur  trioxide  and 
oxygen  (8^  O7  =  2  808  +  O). 

The  following  table  will  make  the  relationship  between  the  sul- 
phur acids  more  apparent. 
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CHAPTER  XXIII. 


THE  COMPOUNDS  OF  SELENIUM  AND  TELLURIUM  WITH 
OXYGEN  AND  WITH  OXYGEN  AND  HYDROGEN. 

Selenium  and  tellurium  do  not  manifest  so  great  a  variety  in  the 
formation  of  oxides  and  acids  as  does  sulphur,  but  such  oxides  as 
they  do  form  are  constructed  in  an  analogous  manner.  They  each, 
on  burning,  yield  the  corresponding  dioxide: 

Se  +  2  O  =  Se  O2  and  Te  +  2  O  =  Te  O2 

and  both  the  dioxides  are  solid  bodies,  in  fact  all  of  the  oxides  of 
the  not-metals  with  higher  atomic  weight  are  solids.  Sulphur  diox- 
ide, in  solution,  is  a  powferful  reducing  agent,  always  showing  the 
greatest  tendency  to  take  up  oxgen  so  as  to  form  sulphuric  acid, 
while  on  the  other  hand  the  dioxides  of  selenium  and  tellurium 
exhibit  a  behavior  which  is  exactly  the  reverse,  they  part  with  their 
oxygen  so  readily  that  even  the  particles  of  dust  which  may  come  in 
contact  with  them,  serve,  to  liberate  selenium  or  tellurium.  Of 
course,  sulphurous  acid  readily  reduces  the  two  oxides,  while  it 
changes  to  sulphuric  acid: 

2  Ha  SOg  +  Se  O2  =  2  H2  SO,  +  Se, 
2  H2  SOa  +  TeOa  =  2  Hj  SO,  +  Te, 

and  as  a  consequence  selenium  and  not  selenium  dioxide  is  found 
in  the  lead  chambers  of  sulphuric  acid  works.     (See  page  97.) 

Selenium  dioxide  is  a  white,  snow-like  solid,  which  is  best  pro- 
pared  by  oxidizing  selenium  with  nitric  acid.  It  does  not  melt, 
but  on  heating  it  changes  directly  from  a  solid  to  a  gas  at  a 
temperature  below  the  boiling  point  of  sulphuric  acid.  Selenium 
dioxide  greedily  absorbs  moisture  from  the  air,  forming  selenious 
acid.  The  latter  is  a  dibasic  acid,  giving  primary  and  secondary 
salts,  MH  Se  Og  and  M^  Se  O,. 

Tellurium  dioxide  is  also  produced  by  the  oxidation  of  tellu- 
rium with  nitric  acid.     It  is  a  colorless  crystalline  solid,  but  little 
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soluble  in  water.  As  tellurium  has  such  a  high  atomic  weight,  its 
lower  oxides  begin  tp  bear  some  resemblance  to  those  of  the  less 
pronounced  metals;  the  dioxide  has  therefore  scarcely  any  tendency 
to  unite  with  water  nor  is  it  dissolved  by  weak  bases;  an 
additional  sign  that  tellurium  is  approaching  the  metals  in  its 
character  is  the  fact  that  the  tetrachloride,  Te  Cl^,  is  not  completely 
decomposed  by  cold  water.  Tellurous  acid  is  a  white  powder  which 
readily  decomposes  into  tellurium  dioxide  and  water  on  warnaing. 
It  is  a  dibasic  acid  and  forms  primary  and  secondary  salts,  MH  Te  O, 
and  M2  Te  O3. 

Selenium  trioxide  has  never  been  prepared,  but  the  corresponding 
acid,  Ha  Se  O4,  selenic  acid,  can  be  formed  by  oxidizing  selenious 
acid  with  chlorine  or  bromine,  just  as  the  corresponding  sul- 
phur compound  was  oxidized  by  the  same  elements.  Solutions 
of  selenic  acid  cannot  be  concentrated  so  that  they  contain  more 
than  95  per  cent,  of  H2  Se  O^,  because,  after  that  point  is  reached, 
the  acid  breaks  down  into  selenious  acid  and  oxygen;  so  that  the 
rule  with  the  selenium  acids  is  exactly  the  reverse  of  that  which  held 
true  as  regards  the  halogene  and  the  sulphur  compounds,  for  in  those, 
the  acids  containing  the  most  oxygen  were  the  final  products  formed 
by  heating  those  containing  the  lesser.  Selenic  acid  is  dibasic  and 
forms  primary  and  secondary  salts,  MH  Se  O^  and  Mj  Se  O4. 

The  properties  of  telluric  acid  are  much  like  those  of  selenic  acid 
with  the  exception  that  the  anhydride  Te  Og  is  known.  The  latter 
compound  is  produced  by  heating  telluric  acid,  which  breaks  do^ivn 
into  its  anydride  and  water,  Hg  Te  O4  =  Te  Oj  +  Hj  O.  The 
oxygen  compounds  of  the  sulphur  family  are  exactly  parallel  with 
those  of  the  halogene  family  as  regards  stability.  Thus  fluorine 
could  form  no  oxide,  and  the  oxide  of  oxygen  (ozone)  is  quite 
unstable;  chlorine  forms  a  greater  variety  of  oxides  than  does  any 
other  element  of  the  halogenes,  while  sulphur  exhibits  the  same 
property  in  its  own  family.  The  third  members  of  either  family^ 
selenium  and  bromine,  are  the  elements  which,  next  to  the  first 
member  of  each  family,  have  the  least  tendency  to  form  oxides, 
while  with  iodine  and  tellurium  the  capacity  to  form  stable  oxides 
is  once  more  manifested. 

Both  selenium  and  tellurium  can  form  compounds  with  sulphur, 
but  while   those   of  selenium,  excepting  the  simplest  (the  mono> 
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sulphide  Se  S,)  are  not  very  definitely  understood,  those  of  tellurium 
exactly  correspond  to  the  oxygen  compounds  of  that  element,  so  that 
we  have  a  disulphide  Te  S.2  and  a  trisulphide  Te  Sg,  and  this  latter 
compound  resembles  the  trioxide  Te  Og  so  far  as  to  be  the  anhydride 
of  an  acid,  for  with  sulphides,  like  those  of  sodium  or  potassium,  it 
will  form  salts  in  which  all  of  the  oxygen  is  replaced  by  sulphur: 

K2  S  +  Te  S3  =  K2  Te  S, 
K2  O  +  Te  Og  =  K2  Te  O,. 

The  existence  of  such  a  compound  as  Kj  Te  S^  is  another  proof  of 
the  great  resemblance  between  sulphur  and  oxygen. 

The  chlorine  compounds  of  selenium  and  tellurium  are  like  those 
of  sulphur. 

The  following  table  contains  the  thermo-cheraical  relations  which 
exist  between  the  oxides  of  the  sulphur  family  and  between  the  acids 
H  XO3  of  the  halogene  family.  Unfortunately,  the  heats  of  forma- 
tion of  the  oxides  of  the  halogenes  have  not  been  accurately  deter- 
mined, so  that  in  this  table  we  are  compelled  to  compare  oxides  with 
compounds  of  oxygen  and  hydrogen : 


Stability. 

so,              710  K 
Se  0,           572  K 
Te  0»         .  773  K 

HClOa 

HBrOs 

HIOs 

239  K 
160  K 
582  K 

V 
A 

Heats  of  formation  of  the  chlorides. 

StabUIty. 

Ss  Cls          143  K 
Se«  Cls        222  K 

SeCU 
TeCU 

462  K 
774  K 

A 

The  heats  of  formation  and  stability  of  the  chlorine  compounds 
increase  with  the  atomic  weights,  and  therefore  increase  with  the 
decreasing  not-metallic  character  of  the  elements.  This  rule  is 
reversed  with  the  hydrogen  compounds,  so  that  in  this  family  the 
chlorine  and  the  hydrogen  compounds  are  less  easily  decomposed, 
the  greater  the  chemical  contrast  between  the  elements  forming 
them. 
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CHAPTER  XXIV, 


NITROGEN  AND  THE  ATMOSPHERE. 

Nitrogen,  Symbol  N,  atomic  weight  14,03,  specific  gravity,  air 
=  1  is  ,9713,  H=2  is  27.9, 1  c.  c.  at  0°  and  .76m  weighs  .00125 
grams.  The  Atmosphere,  specific  gravity  1;  1  c.  c.  air  at  0°  and 
.76m  pressure  weighs  .001299  grams. 

As  the  atmosphere  is  simply  a  mixture  of  gases,  with  nothing  in 
its  deportment  from  which  general  chemical  comparisons  could  be 
made,  it  seems  advisable  to  treat  of  it  in  a  separate  chapter; 
subsequently  introducing  the  characteristics  which  the  elements  of 
the  nitrogen  family  have  in  common.  A  description  of  the  element 
nitrogen  must,  howBver,  be  given  before  the  atmosphere  is  considered. 

An  English  chemist,  Rutherford,  noticed  in  1772  that  air  in 
which  an  animal  had  breathed  became  unfit  to  further  support  either 
combustion  or  life,  even  after  care  had  been  taken  to  remove  all  of 
the  carbon  dioxide  by  means  of  lime  water  or  caustic  potash,  and 
he  therefore  came  to  the  conclusion  that  the  residuum  contained  a 
peculiar  kind  of  air.  When  subsequently  it  was  discovered  that 
elements  which  formed  solid  oxides,  when  burned  in  a  closed  space 
of  air,  left  nothing  but  this  same  gas,  the  general  consensus  of 
opinion  among  chemists  was  that  this  latter  must  be  phlogisticated 
air,  for  the  burning  substance  had  given  up  its  phlogiston  and  that 
portion  of  the  atmosphere  which  remained  must  as  a  consequence 
have  taken  it  up,  while  oxygen,  in  which  substances  burned  so 
readily,  was  therefore  most  certainly  pure  dephlogisticated  air. 
These  theories  as  regards  the  nature  of  the  atmosphere  were  unfor- 
tunate for  the  older  school  of  chemists,  for  it  was  not  difficult  to 
prove  that  carbon,  in  burning  in  oxygen,  or  as  they  said,  in  giving 
up  its  phlogiston,  formed  a  different  kind  of  phlogisticated  air, 
which  was  likewise  unable  to  support  either  life  or  combustion. 
Lastly,  hydrogen,  which  was  supposed  to  be  pure  phlogiston,  when 
burned  in   dephlogisticated  air  formed  water;   therefore  the  latter 
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should  also  be  pblogistical  air,  yet  it  differed  entirely  from  botb  of 
the  other  forme.  Am  a  consequence,  chemists  were  brought  face  to 
face  with  the  necessity  of  assuming  the  existence  of  three  different 
kinds  of  phlogisticated  air.  It  was  left  for  Lavoisier  to  prove  the 
fallacy  involved  in  these  theories  and  to  show  that  the  atmosphere 
contained  two  distinct  gases,  one  of  which  he  called  oxyg^ne,  the 
other  azote  (from  a  and  Z'"ri'idq,  to  sustain  life).  The  name  uitro- 
ghne  (from  nitnim,  saltpetre  and  the  root  ^s-j,  to  produce)  was 
introduced  by  Chaptal,  and  from  this  the  English  name,  nitrogen, 
has  resulted,     The  word  azote  is  still  used  by  French  chemists. 

Nitrogen  occurs  as  such,  in  the  atmosphere  and  dissolved  in 
small  quantities  in  water;  combined  it  is  found  in  the  form  of 
sodium  nitrate  or  Chili  saltpetre,  large  deposits  of  which  occur 
in  the  northern  provinces  of 
Chili,  and  as  ammonium  com- 
pounds which  arc  found  in 
small  quantities  in  the  air  and 
in  the  soil;  nitrogen  is  also  an 
essential  constituent  of  many 
organic  substances  of  both  ani- 
mal and  vegetable  origin.  De- 
Spite  its  wide  distribution, 
nitrogen  forms  scarcely  one  per 

cent,  of    the  total  substance  of  Figure  33, 

the  globe,  even  if  we  include  in  this  its  gaseous  envelope,  for 
very  little,  if  any,  nitrogen  is  found  in  the  older  geologic  formations. 

"While  we  are  acquainted  with  no  simple  method  by  which  to 
remove  the  nitrogen  from  the  atmosphere  so  as  to  obtain  the  oxygen 
contained  therein,  the  removal  of  the  latter  element  is  a  compara- 
tively simple  matter;  to  do  this  it  is  only  necessary  to  burn  some 
substance  in  a  closed  volume  of  air;  however,  it  is  expedient  to 
combust  a  body  which  will  form  a  solid  oxide  and  which  will 
therefore  leave  no  gaseous  residuum  excepting  nitrogen.  Phos- 
phorus answers  this  purpose  admirably,  for  when  it  is  burned  it 
forms  phosphorus  pentoxide,  a  solid  readily  soluble  in  water." 
Another  method  for  preparing  nitrogen  is  by  passing  air  over  cop- 
per foil  heated  in  an  infusible  glass  tube  by  means  of  a  combustion 
furnace;  the  copper  then  becomes  oxidized,  copper  oxide,  Cu  O, 
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being  formed,    while   the    unchanged    nitrogen    passes  on,  to  be 
collected  over  water. 

Nitrogen  is  a  colorless,  odorless  gas,  with  a  specific  gravity,  air 
being  one,  of  .9713,  and  hydrogen  being  two,  of  27.9,  so  that,  as 
the  atomic  weight  of  the  element  is  14,  the  molecule  of  nitrogen 
consists  of  two  atoms,  just  as  was  the  case  with  oxygen,  hydrogen 
and  chlorine.  Its  critical  temperature  is  — 146.3°  at  a  pressure  of 
35  atmospheres.  This  means  that  at  — 146.3°  nitrogen  becomes 
&uid  if  a  pressure  of  35  atmospheres  is  exerted,  but  that  above  this 
temperature  pressure  cannot  condense  it  to  a  liquid.  The  boiling 
point  of  liquid  nitrogen  is  at  — 193°,  with  a  pressure  of  740  m.  m.; 
the  freezing  point  is  at  — 203°.  Nitrogen  is  scarcely  soluble  in 
water,  for  one  volume  of  the  latter  dissolves  only  .015  volumes  of 
the  gas  at  ordinary  temperatures. 

Chemically,  nitrogen  is  a  remarkably  indifferent  substance  when 
in  the  free  state,  a  circumstance  which  is  very  striking  when  we 
consider  that  the  same  element,  when  combined  with  others,  can  take 
part  in  a  great  number  of  chemical  reactions,  manifesting  therein 
the  greatest  chemical  activity.  Nitrogen  will  unite  with  other 
elements  only  under  the  greatest  provocation;  so,  for  instance, 
nitrogen  and  hydrogen  will  form  ammonia  under  the  influence  of  an 
electric  current,  and  nitrous  acid,  nitric  acid  and  ammonium  nitrate 
are  formed  in  small  quantities  when  hydrogen  burns  in  air.  Owing 
to  its  chemical  indifference,  nitrogen  will  neither  burn  nor  support 
combustion,  and,  naturally,  animals  when  placed  in  the  gas  die  from 
asphyxia. 

Toward  the  latter  part  of  the  eighteenth  century,  when  chemists 
began  to  inquire  into  the  nature  of  the  atmosphere,  the  determina- 
tion of  the  exact  quantities  of  nitrogen  and  oxygen  going  to  form 
that  gas  became  an  interesting  subject  for  research.  Lord  Caven- 
dish first  made  a  series  of  accurate  investigations  of  the  air  in  and 
about  London,  coming  to  the  conclusion  that  there  were  about  79 
out  of  every  100  volumes  of  air  left  as  phlogisticated  air  after  com- 
bustion had  taken  place.  Lavoisier,  of  course,  also  studied  the 
subject,  but  with  very  uncertain  results,  for  at  one  time  he  gave  the 
volume  of  oxygen  as  one  fourth,  at  another  time  as  one  fifth  of  the 
total  atmosphere.  Gay  Lussac  and  Humboldt  made  some  really 
accurate  determinations  of   air  in  the  neighborhood  of  Paris,  and 


GENERAL  DESCRIPTIVE  CHEMISTRY.  161 

they  found  that  there  were  between  20.9  and  21.2  volumes  of 
oxygen  in  every  100  volumes  of  air,  while  at  a  later  date  a  great 
number  of  chemists,  notably  Dumas,  Regnault  and  Bunsen  made  a 
large  series  of  accurate  determinations,  the  results  of  which  showed 
that  the  atmosphere  contained  20.9  volumes  of  oxygen  and  79.1 
volumes  of  nitrogen  in  every  100  volumes,  but  that  these  quantities 
were  subject  to  frequent,  but  very  slight,  variations.  The  following 
figures  will  show  the  extent  of  these  differences. 

Lyons,  Berlin,     20.9  volumes  of  oxygen  in  100  volumes  of  air. 
Algiers,  20.4        *'        "        "        "  100        **        "    *' 

Calcutta,  20.3        "        "        "        *'  100        "        "     " 

Atlantic  Ocean,  21.5        "        "        "        "  100        *'        "    '^ 

These  variations,  which  are  so  great  as  to  fall  without  the  range  of 
experimental  error,  indicate  that  the  atmosphere  is  a  mechanical 
mixture  and  not  a  chemical  compound.  Another  proof  of  this 
conclusion  can  be  obtained  by  examining  the  difference  in  the  solu- 
bility of  oxygen  and  nitrogen  in  water.  A  given  volume  of  water 
will  dissolve  quite  a  little  more  of  oxygen  than  it  will  of  nitrogen j^ 
so  that  if  we  place  some  water,  which  has  been  exposed  to  the  air,, 
under  the  bell  of  an  air  pump  and  then  exhaust,  the  bubbles  of 
gas  which  pass  from  the  liquid  will  be  a  mixture  of  oxygen  and 
nitrogen  containing  more  of  the  former  element  than  does  the  air. 
The  gas  so  formed  can  again  be  dissolved  in  water  and  once  more^ 
exhausted,  and  if  the  operation  is  repeated  often  enough  with  the 
same  volume,  this  will  finally  be  almost  pure  oxygen.  The  oxygen 
and  nitrogen  of  the  air  can  therefore  be  separated  by  simple,  not- 
chemical  means.  The  discovery  that  oxygen  and  nitrogen  can  be 
mixed  to  form  air  without  a  change  either  in  the  total  volume  or  in 
the  amount  of  heat  contained  in  the  two  gases,  forms  a  final  argu- 
ment against  the  conception  of  the  atmosphere  as  a  chemical  com- 
pound.*® 

While  oxygen  and  nitrogen  form  the  bulk  of  the  atmosphere,. 
other  substances  are  always  present  in  minute  quantities.  The  most 
important  of  these  impurities  are  carbon  dioxide,  ammonium  car- 
bonate, nitrate  and  nitrite  and  water  vapor,  as  well  as  solid  particles 
of  dust  which  are  both  organic  and  inorganic  in  their  origin.  Car- 
bon dioxide,  which  is  invariably  found  in  the  air,  is  as  important  to» 

living  organisms  as  oxygen  itself  and  of  far  greater  value  than  is  the 
11 
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uncombined  nitrogen,  for  the  latest  investigations  show  that  the 
admixture  of  the  latter  does  not  make  the  air  more  adaptable  for 
respiration,  for  animals  can  live  as  comfortably  in  pure  oxygen  as 
they  do  in  air;  on  the  other  hand  carbon  dioxide  is  a  plant  food 
absolutely  necessary  for  vegetable  life.  Carbon  dioxide  is  being 
constantly  added  to  the  atmosphere  from  burning  fuel,  from  volcanic 
craters  and  fissures,  from  decomposing  organic  substances  and  from 
the  breathing  of  animals,  because  it  is  produced  by  the  com- 
bustion or*  decay  of  carboniferous  substances.  If  no  means  were 
provided  for  the  removal  of  the  atmospheric  carbon  dioxide,  the 
increase  in  the  amount  of  the  latter  would  soon  destroy  all  living 
-organisms  dependent  upon  respiration.  Fortunately,  plants  growing 
in  the  sunlight  absorb  carbon  dioxide  from  the  air,  by  means  of  a 
green  coloring  matter  which  can  eliminate  oxygen  from,  and  add 
hydrogen  to,  carbon  dioxide,  and  which  is  contained  in  their  leaves, 
so  that  a  substance  which  is  able  to  form  all  of  the  innumerable 
compounds  of  carbon,  hydrogen  and  oxygen  occurring  in  the  vege- 
table kingdom,  is  produced  by  this  means.* 

The  carbon  dioxide  of  the  atmosphere  is  therefore  continually 
being  removed  while  oxygen  is  being  returned,  but  were  this  process 
to  go  on  without  any  compensating  production  of  carbon  dioxide, 
plant  life  and  consequently  animal  life  would  soon  cease.  The  sup- 
ply of  carbon  dioxide  is  however  renewed  by  one  means  or  another, 
so  that  the  quantity  in  the  atmosphere  remains  quite  constant.  In 
former  geologic  periods  the  atmosphere  was  undoubtedly  much 
warmer  and  contained  much  greater  quantities  of  carbon  dioxide 
than  it  does  now.     Hot  rains  were  continually  pouring  down  and 

*  According  to  the  view  held  by  many  chemists,  this  substance  is  formic  alde- 
hyde, 0H8  O;  or 


(  =  0  (  =  H« 

0<  +2H  =  0-^  +0. 

=  o  (  =  o 


This  can  be  considered  as  carbon  dioxide  in  which  one  atom  of  oxygen  has  been 
replaced  by  two  of  hydrogen;  it  therefore  contains  the  elements  hydrogen  and 
oxygen  in  exactly  the  proportions  necessary  to  form  water,  while  sugars,  starch 
and  cellulose  also  contain  the  elements  in  the  same  proportions.  Glucose  has  the 
formula  0«  His  0«  =  6  (O  H*  O)  so  that  it  can  very  possibly  be  formed  by  simple 
condensation  of  six  formic  aldehyde  molecules  and.  indeed,  a  substance  very  nearly 
identical  with  glucose  has  been  made  artificially  by  this  means.  Cane  sugar,  starch 
and  cellulose  are  made  from  0«  HisO«by  separation  of  water  between  the  mole- 
cules, so  that  the  theory  of  the  reduction  of  carbon  dioxide  by  plants  to  form  formic 
aldehyde  seems  very  reasonable.  The  hydrogen  for  this  reduction  is  probably 
furnished  by  the  decomi>osition  of  water,  the  oxygen  of  which  is  eliminated. 
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copiously  watering  the  continente  and  islands  which  had  been 
fonned,  bo  that  vegetation  ou  a  gigantic  scale  flourished  wher- 
ever the  soil  was  favorable.  Our  coal  beds  were  produced  by  the 
destruction  of  the  flora  of  that  period;  by  this  means  enormous 
quantities  of  carbon  dioxide  were  removed  from  the  atmosphere, 
and  the  carbon  stored  for  use  when  the  supply  of  that  gas 
should  no  longer  be  sufficient  to  support  vegetation.  After  the  atmos- 
phere had  issumed  the  composition  which  it  jwseesses  at  present, 
animal  life  flourished.  The  plants 
took  up  carbon  dioxide  from  the 
atmosphere,  formed  their  tissues 
therefrom,  animals  lived  on  them 
or  preyed  on  each  other;  both 
plants  and  animals  died,  decayed, 
and  the  carbon  dioxide  once  more 
found  its  way  into  the  atmosphere; 
so  that  a  continuous  metamorphosis, 
with  its  energy  given  by  the  light 
and  heat  of  the  sun,  was  in  pro- 
gress. Small  quantities  of  carbon 
dioxide  were,  however,  lost  in  the 
formation  of  carbonates  of  th  e 
metals  because,  in  disintegrating, 
the  silicates,  which  mainly  formed 
the  rocks,  liberated  the  bases  which 
they  contained,  so  that  these  could 
unite  with  other  acids  of  which 
carbonic  acid  was  one,  and  thus  a 
certain  amount  of  the  latter  sub- 
stance vroB  permanently  removed  Fiqure  34. 
from  the  atmosphere.  This  loss  has  been  supplied  by  the  carbon 
dioxide  of  volcanic  origin  and  by  that  formed  in  burning  the 
fuel  which  was  stored  as  coal  in  a  former  geologic  era,  so  that, 
as  far  as  we  know,  the  amount  of  carbon  dioxide  in  the  atmosphere 
is  not  diminishing;  it  it  is  growing  less  the  rate  of  decrease  is  so  very 
slow  that  in  the  short  time  during  which  chemists  have  been  able  to 
make  accurate  observations,  no  change  could  be  noted.  The  amount 
of  carbon  dioxide  in  the  air  varies  slightly,  but  normally  it  is  about 
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four  parts  in  ten  thousand,  and  it  seems  that  the  amount  of  carbon 
dioxide  is  greater  at  night  than  in  the  day  time,  and  in  summer  than 
in  winter.  In  the  higher  regions  of  the  atmosphere,  where  vegeta- 
tion is  impossible,  the  amount  of  the  gas  may  even  increase  to  eleven 
parts  in  ten  thousand,  while  a  continued  rain  storm  may  diminish  it 
to  two  and  a  quarter.  The  amount  of  carbon  dioxide  in  crowded 
rooms  is  increased'  by  the  breathing  of  the  people  within  the  closed 
air  space,  yet  this  does  not  generally  take  place  to  such  an  extent 
that  the  oppressive  feeling  caused  by  such  an  atmosphere  can  be 
ascribed  entirely  to  it;  the  unpleasant  effect  is  due  to  exhalations  of 
an  organic  nature  which  pass  from  the  lungs.  The  presence  of  car- 
bon dioxide  in  the  atmosphere  can  be  proved  at  any  time  by  expos- 
ing some  clear  lime  water  to  the  action  of  the  latter,  for  a  white 
crust  of  the  carbonate  of  calcium  will  be  formed  in  a  short  time.*^ 

Water  vapor  is  always  present  in  the  atmosphere  in  quantities 
varying  with  the  temperature,  season  of  the  year  and  locality;  it  is 
just  as  important  as  carbon  dioxide  to  living  organisms.  The  evap- 
oration of  oceans,  lakes  and  rivers  furnishes  a  never  ending  supply  of 
water,  the  amount  of  which  is  generally  greater  in  hot  than  in  cold 
weather,  and  greater  by  day  than  by  night. 

The  higher  the  temperature  of  a  gas  the  greater  will  be  the 
amount  of  water  vapor  which  it  can  take  up,  for  the  quantity  of  the 
latter  which  can  be  contained  in  a  closed  space  (either  a  vacuum  or 
filled  with  gas)  increases  with  the  temperature,  but  is  an  unalterable 
amount  at  any  definite  point.  If  as  much  water  vapor  as  can  pos- 
sibly be  present  at  the  existing  temperature  is  contained  in  a  gas,  the 
latter  is  said  to  be  saturated  and  no  further  evaporation  of  water  can 
take  place  unless  the  temperature  is  increased;  on  the  other  hand  a 
decrease  of  the  latter  would  diminish  the  amount  of  vapor  which  can 
be  present,  so  that  a  portion  of  the  moisture  would  be  precipitated  as 
water.  From  these  considerations  it  follows  that  if  the  atmosphere 
is  nearly  saturated  with  moisture,  any  diminution  in  the  temperature 
will  cause  a  fall  of  rain  or  the  formation  of  dew,  while  at  the  same 
time  no  evaporation  can  take  place  when  such  a  condition  prevails. 
The  amount  of  water  in  the  atmosphere  is  generally  greatest  near 
the  sea  shore,  for,  owing  to  changes  in  temperature,  much  of  the 
water  will  be  precipitated  before  the  moisture  laden  air  can  pass  far 
inland.     Drops  of  water  collect  on  a  cold  surface,  because  the  air  in 
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the  immediate  neighborhood  is  cooled  to  the  point  at  which  it  is 
saturated  with  vapor.  This  point  is  called  the  dew  point,  and  as  the 
exact  amount  of  water  vapor  which  can  be  contained  in  a  given  vol- 
ume of  the  atmosphere  at  any  definite  temperature  is  known,  the 
discovery  of  the  dew  point  affords  a  ready  means  of  ascertaining  the 
amount  of  moisture  in  the  air.  The  ratio  between  the  tension  of  the 
water  vapor  which  would  be  found  were  the  air  fully  saturated  at 
the  prevailing  temperature  and  that  tension  which  really  exists,  is 
called  the  relative  humidity.*  The  quantity  of  water  present  in  the 
atmosphere  can  also  be  ascertained  by  passing  a  known  volume  of  air 
over  weighed  tubes  filled  with  calcium  chloride  or  any  other  substance 
which  will  readily  absorb  moisture,  for  then  the  gain  in  weight  will 
give  the  exact  amount  of  moisture  which  was  present. 

The  water  in  the  atmosphere  is  absolutely  essential  to  plant  life. 
The  liquid  falls  upon  the  soil  as  rain  and  is  then  absorbed  by  the 
radicles;  afterward  it  circulates  through  the  entire  system  of  the 
plant,  taking  part  in  various  physiological  changes  and  finally 
evaporating  from  the  leaves.  The  amount  of  moisture  which  passes 
from  large  areas  covered  by  vegetation  is  enormous,  so  that  wooded 
districts  cause  an  equitable  distribution  of  rain. 

Another  impurity  present  in  the  atmosphere  is  ammonia,  which, 
however,  is  always  found  combined  with  acids  as  ammonium  carbon- 
ate, nitrate  or  nitrite.  These  substances  are  washed  into  the  soil  by 
the  rain  and  are  then  taken  up  by  plants  to  form  those  portions  of 
their  tissues  which,  in  addition  to  carbon  hydrogen  and  oxygen,  also 
contain  nitrogen,  so  that  ammonium  compounds  are  an  essential 
constituent  of  the  atmosphere;  yet  the  amount  of  these  is  very  small 
and  variable,  the  greatest  quantity  ever  found  has  been  47.6  parts 
by  weight,  in  one  million  of  the  atmosphere.  Small  quantities  of 
other  impurities,  such  as  sulphur  dioxide  and  sulphuretted  hydrogen, 
may  occur  in  restricted  areas  where  such  gases  are  being  formed,  as, 
for  instance,  in  districts  where  large  quantities  of  sulphur  bearing 
coal  are  burned.     Ozone  is  also  at  times  present  in  the  atmosphere. 

The  solid  particles  floating  in  the  air  as  dust  may  be  of  two  kinds, 
inorganic  and  organic.  Sodium  chloride  is  always  present  in  the 
inorganic  particles,  the  organic  substances  may  be  of  the  greatest 

•By  vapor  tension  at  a  given  temperature  is  meant  the  pressure,  in  miUimeters 
of  the  barometer,  which  is  exerted  by  a  vapor  at  that  temperature. 
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variety  and  frequently  contain  micro-organisms  which  can  inaugu- 
rate disease. 

The  pressure  which  the  atmosphere  is  exerting,  by  reason  of  its 
weight,  is  measured  by  the  barometer.  Ip  the  17th  century  some 
Florentine  pump  makers,  wishing  to  convey  water  to  a  very  great 
height  by  means  of  a  long  suction  pump,  discovered  to  their  chagrin 
that,  no  matter  how  great  their  exertions,  the  water  would  not  follow 
the  piston  for  more  than  thirty-two  feet  and  so  Galileo  Galilei  was 
appealed  to  for  an  explanation.  The  cause  assigned  to  this  pheno- 
menon by  the  great  man  was,  however,  entirely  a  wrong  one,  for  he 
maintained  that  a  column  of  water  longer  than  thirty-two  feet  would 
be  broken  by  its  own  weight,  just  as  would  a  bar  of  iron  of  sufficient 
length;  therefore,  water  could  never  be  pumped  to  any  great  height. 
Torricelli,  a  pupil  of  Galileo,  soon  after  (1643)  found  the  right 
explanation.  He  reasoned  that  when  the  pump  created  a  vacuum 
the  water  was  pressed  upward  by  the  weight  of  the  atmosphere; 
if  this  were  so,  the  height  of  a  column  of  a  specifically  heavier 
liquid,  such  as  mercury,  which  the  atmosphere  would  sustain  should 
be  proportionally  less.  Accordingly,  Torricelli  filled  a  glass  tube, 
sealed  at  one  end,  with  mercury,  closed  the  other  with  his  thumb 
and,  inverting  the  tube,  placed  the  open  end  in  a  vessel  filled  with 
the  same  metal;  the  column  of  mercury  then  sank  until  its  upper 
surface  was  between  28  and  29  inches  above  the  level  of  the  liquid 
in  the  trough,  so  that  a  vacuum  was  produced  in  the  upper  part  of 
the  tube.  The  experimenter  now  concluded  that  the  weight  of  the 
column  of  mercury  in  the  tube  must  be  equal  to  the  weight  of  a 
column  of  water  with  an  equal  cross  section  and  a  height  of  thirty- 
two  feet,  while  both  columns  exerted  a  pressure  which  was  opposed 
by  an  equal  one  produced  by  the  atmosphere  acting  on  the  surface  of 
the  liquid  in  the  open  vessels  in  which  the  tubes  were  placed.  If  this 
conclusion  was  correct  the  height  oE  a  column  of  mercury  which 
could  be  sustained  by  the  atmosphere  would  be  less  on  the  monntain 
tops  than  on  the  low  lands,  and  so  Pascal,  hearing  of  Torricelli's 
experiment,  sent  his  brother-in-law  Perrier,  with  a  barometer,  to  an 
altitude  of  6,000  feet,  and  the  observer  reported  that  at  that  elevation 
the  mercury  stood  three  inches  lower  than  it  did  in  Paris.  The  whole 
matter  was  now  clear,  the  atmosphere  exerted  a  pressure  which  could 
be  measured  by  the  height  of  the  column  of  mercury  it  could  sus- 
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5.     V,=  V,  +  V,at.      6.     V,  =  Vo(l+at).      7.    Vo  = 


V. 


1  +  at. 


*  More  accnrately  .00306. 


*. 


tain,  while  the  instrument  constructed  with  this  end  in  view  sub-  \\ii\i 

sequently  became  known  as  the  barometer.  -♦  '^  "'• 

The  distance  from  the  upper  level  of  the  mercury  in  the  barome- 
ter tube  to  that  in  the  vessel  underneath,  is  the  height  of  the  baro- 
meter; at  the  level  of  the  sea  the  average  is  760  m.  m.  and  in  all 
scientific  work  this  is  taken  as  the  standard  for  barometric  meas- 
urements; as  the  weight  of  a  column  of  mercury  760  m.  m.  long  and 
with  one  square  inches  cross  section  is  15  pounds,  it  follows  that  the 
pressure  exerted  by  the  atmosphere  is  15  pounds  to  the  square  inch. 
We  do  not  feel  this  enormous  weight  because  the  air  presses  equally  l-'^i'j!;!'!; 

in  all   directions  and  because  the  pressure  from  within  our  bodies  !i!?iS^ 

counterbalances  that  from  without.  >j,tt-5! 

The  volume  occupied  by  any  gas  is  inversely  as  the  pressure  liv^fe^ 

exerted  on  it.     Double  the  pressure   and  you  halve  the  volume,  ;  !;;   S' 

quadruple  the  pressure  and  the  volume  will  be  one-fourth,  and  so  ife'iiti 

on.     If  Vo-and  V<  be  the  volumes  of  a  gas  at  the  same  temperature  !i^ 

but  under  different  pressures,  Pq  and  P<,  then:  ;i<j | 

1      V  •  V   -P    P 
2.     VoP«  =  V.P, 

now  if  Pq  is  the  standard  barometric  pressure  of  760  m.  m.,  then: 

V  P 

^'        '"   760' 

or,  the  volume  of  a  gas  at  standard  pressure  is  equal  to  the  volume  at 
the  existing  pressure  multiplied  by  that  pressure  in  millimeters  and 
divided  by  760;  but  the  existing  pressure  is  the  pressure  of  the 
atmosphere  measured  by  the  height  of  the  barometer,  h,  (P<  =  h) 
so  that: 

^'  ~  760 

All  gases,  when  not  very  near  the  point  at  which  they  become 
liquid,  expand  v+f  of  their  volume  for  each  degree  of  temperature* 
80  that  a  liter  of  gas  at  0°  will  be  1  +  v+f  liters  at  +  1°  and 
1  +  WV  at  10°,  and  ten  liters  would  be  10  +  i^A  at  +  1°,  conse- 
quently : 


t 


•I 
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where  V©  is  the  volume  of  any  gas  at  0°,  V,  the  volume  of  the  same 
gas  at  any  temperature,  t  is  that  temperature  and  a  =  »K.  Uniting 
3  and  7  in  one  equation,  we  have: 

^"760(1  + at) 

so  that  the  volume  of  any  gas  observed  at  0°  and  760  m.  m.  is 
equal  to  the  volume  multiplied  by  the  height  of  the  barometer  and 
divided  by  760  times,  one  plus  rW  of  the  temperature.  If  the  gas  to 
be  measured  is  in  a  eudiometer  tube,*  partially  filled  with  mercury, 
the  pressure  under  which  it  is,  is  naturally  not  that  of  the  atmos- 
phere, but  of  that  pressure  minus  the  height  of  the  column  of 
mercury  in  the  tube.  If  this  height  in  millimeters  be  called  w, 
then: 

_    V.(h-w) 

^~760  (1  +  at) 

and  furthermore,  if  the  gas  is  saturated  wi'th  water  vapor,  the 
tension  of  water- vapor  in  millimeters,  at  the  temperatjure  of  observa- 
tion, must  also  be  deducted*  from  the  barometric  measurement. 
When  the  relations  between  volumes  of  gases  are  considered  these 
are  supposed  to  be  under  standard  conditions,  at  0°  and  760  m.  m. 
pressure. 

The  height  of  the  barometer  at  any  place  is  constantly  undergo- 
ing variations,  for  the  atmosphere  is  always  subject  to  more  or  less 
serious  local  disturbances  which  affect  the  pressure  exerted  by  it. 
The  depth  of  the  atmosphere  is  uncertain;  it  has  been  variously 
given  at  from  thirty  to  two  hundred  miles.  As  the  pressure  is 
greatest  on  the  surface  of  the  earth,  the  air  must  be  densest  at  this 
point,  and  must  diminish  in  density  the  higher  the  altitude.  '  Prob- 
ably at  an  elevation  of  ten  miles  the  pressure  of  the  atmosphere 
would  be  imperceptible.  The  temperature  of  the  air  becomes  less 
the  greater  the  distance  from  the  earth.  The  specific  weight  of  the 
air  at  760  m.  m.,  and  0°,  being  the  most  frequently  used  standard  of 
measurement,  is  generally  taken  as  unity.  Sometimes,  however, 
gases  are  measured  with  hydrogen  as  the  standard,  when  the  specific 
gravity  of  air  becomes  14.38  (hydrogen  =  1)  or  28.76  (hydrogen 
=  2).     In  order,  therefore,  to  find  the  specific  gravity  of  any  gas 

•  See  Figure  13. 
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with  hydrogen  as  one,  we  must  multiply  the  specific  gravity  referred 
to  air  by  14.38. 

All  living  organisms  upon  the  earth  depend  upon  the  atmos- 
phere. Its  oxygen,  its  carbon  dioxide,  its  ammonia  and  its  water- 
vapor  are  necessary  to  all  forms  of  life,  for  those  constituents  which 
cannot  be  directly  used  by  animals  do  indirectly  find  their  way  into 
their  systems.  The  air  is  inspired  by  animals,  its  oxygen  is  absorbed, 
comes  in  contact  with  every  tissue  in  the  body  and  is  exhaled, 
charged  with  carbon  dioxide  and  water-vapor  after  its  oxidizing 
action  is  completed.  The  plants  make  use  of  the  carbon  dioxide 
which  finds  its  way  into  the  atmosphere;  when  in  the  sunlight  they 
assimilate  it  and  thus  form  the  greater  portion  of  their  tissues,  but 
plants,  as  well  as  animals,  require  oxygen  for  their  existence;  neither 
can  plants  live  without  the  presence  of  compounds  of  nitrogen,  for 
many  of  their  most  essential  chemical  constituents,  such  as  the  albu- 
mens, are  composed  chiefly  of  carbon,  hydrogen,  oxygen  and  nitrogen. 
A  little  of  this  nitrogen  may  possibly  be  taken  directly  from  that  which 
is  contained  in  the  atmosphere^  but  cei;tainly  the  major  portion  is 
furnished  by  compounds  of  nitrogen  found  in  the  soil.  These  com- 
pounds would  soon  be  entirely  used  up  were  it  not  for  their  constant 
renewal  by  the  addition  of  those  which,  originally  in  the  atmosphere, 
are  washed  to  the  ground  by  rains  and  by  such  as  are  produced  in  the 
soil  by  the  decay  of  organic  substances.  The  plants  are  thus  able  to 
build  their  tissues  from  the  simplest  inorganic  materials — from 
carbon  dioxide,  water,  ammonium  nitrates  and  nitrites.  Animals  have 
no  such  power;  they  destroy,  where  plants  create.  Some  live  upon 
plant  substances  and  assimilate  the  ready-formed,  complicated  organic 
compounds;  others  prey  upon  each  other,  so  as  to  get  the  compounds 
second-hand;  they  all  die  and,  by  decaying,  once  more  return  to  the 
soil  and  air  those  substances  which  the  plants  had  used;  thus 
a  ceaseless  rotation  of  the  life-supporting  constituents  of  the 
atmosphere  is  going  on,  while  the  energy  necessary  to  cause  these 
metamorphoses  is  furnished  by  the  heat  and  light  of  the  sun. 
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CHAPTER  XXV. 


COMPOUNDS  OF  THE  ELEMENTS  OF  THE  NITROGEN 

FAMILY. 

The  elements  of  the  nitrogen  family  are : 

Nitrogen,      atomic  weight  14.03 
Phosphorus,       **  **       31. 

Arsenic,  **  **       75. 

Antimony,         ''  **     120. 

Bismuth,  **  ''     208.9 

The  same  changes  in  the  physical  characteristics  of  the  elements 
which,  with  increasing  atomic  weight,  were  observed  in  the  halogene 
and  in  the  sulphur  families ^^  are  repeated  in  that  group  of  elements 
of  which  nitrogen  is  a  representative.  This  will  be  seen  from  the 
following  table: 


F. 


O,       N,  colorless  gases. 


01,  yellow  gas,       S,       P,  yellow,  easily  fused,  solids. 


Br,  brown  liquid,  Se,    As,  metallic  appearing  solids. 


I,  black  solid,        Te,     8b,  silver  white  appearing  solids 


Bi,  reddish  metallic  solid. 


Specific 
gravities. 


Melting 
points. 


HYDROGEN  COMPOUNDS. 


• 

FH 

GHa 

NHs 

OIH 

SHt 

PHs 

Br  H 

SeHs 

AsHs 

IH 

TeHa 

SbHs 

Stability. 


General  formula  of  hydrogen  compounds  of 
halogenes,  H  X. 

General  formula  of  hydrogen  compounds  ox 
sulphur  group.  Ha  X. 

Genersu  formula  of  hydrogen  compounds  of 
nitrogen  group,  Ha  X. 

Valence  of  the  elements  of  the  halogene  family 
toward  hydrogen  is  1. 

Valence  of  the  elements  of  the  sulphur  family 
toward  hydrogen  is  2. 

Valence  of  the  elements  of  the  nitrogen  family 
toward  hydrogen  is  3. 


In  this  family,  as  well  as  in  the  other  two  which  we  have 
studied,  the  elements,  as  the  atomic  weight  increases,  change  into 
substances  entirely  metallic  in  appearance,  and  what  is  more,  the 
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alteration  is  even  more  fundamental  in  its  character,  for  the  chemi- 
cal as  well  as  the  physical  properties  of  the  last  two  elements  in  this 
group  are  more  metallic  than  not-metallic.  Once  more  we  come  in 
contact  with  a  group  of  elements  in  which  the  one  with  the  smallest 
atomic  weight  is  a  colorless  gas,  that  with  next  higher  a  yellow  solid 
easily  fused  and  easily  burned,  while  the  next  is  a  greyish  white 
solid  with  the  appearance  of  a  metal  and  the  chemical  behavior  of  a 
not-metal,  for  in  this  respect  arsenic  is  entirely  like  tellurium. 
Antimony  and  bismuth  are  metallic  both  physically  and  chemically, 
but  while  antimony  shows  a  not-metallic  nature  in  some  of  its  com- 
pounds, bismuth  is  always  a  metal.  The  melting  points  of  the 
elements  in  this  family  increase  with  the  atomic  weight,  exactly  as 
was  the  case  in  the  sulphur  and  halogene  families. 

All  of  the  elements  belonging  to  the  nitrogen  group,  with  the 
exception  of  bismuth  which  is  too  much  of  a  metal  to  do  so,  form 
gaseous  hydrogen  compounds  which,  following  the  general  rule, 
diminish  in  stability  as  the  atomic  weight  of  the  characterizing  ele- 
ment increases.  These  compounds  are  formed  by  union  of  three 
hydrogen  atoms  to  one  of  the  nitrogen-like  element — so  that  their 
general  formula  is  Hg  X,  while  the  valence  of  the  joining  element 
is  three.  By  comparing  all  of  the  elements  in  the  halogene,  sulphur 
and  nitrogen  groups,  we  can  see  that,  as  the  atomic  weights  of  the 
families  as  a  whole  diminish,  the  valences  toward  hydrogen  increase. 
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F. 
At.  wt.    19 

O. 

16 

N. 
14 

Ol. 
At.  wt.   35.5 

S. 
32 

P. 

31 

Br. 
At.wt.   80 

Se 
79 

As 
75 

'       I. 
At.  wt.  127 

Te. 
125 

Sb. 
120 

Atomic  wts. 

. 

-^ 

FH.  OHe      NHs 

01  H.  S  Hs      P  Ha 

BrH.  SeH2  As  Hs 

IH  TeHs  SbHa 

Valence  I.  II.       III. 


Valence. 


As  we  pass  from  one  element 
to  anotner  corresponding  one  to 
the  right  of  it,  there  is  a  dlmin- 
uation  of  not  more  than  five 
units  in  the  atomic  weight  and 
an  increase  of  one  in  the  val- 
ence. No  elements  exist,  the 
atomic  weights  of  which  lie  be- 
tween any  two  on  the  horizontal 
lines,  so  that  these  twelve  ele- 
ments form  a  portion  of  the 
natural  grouping  obtained  by 
arranging  the  elements  in  the 
order  of  their  atomic  weights. 


The  hydrogen  compounds  of  the  elements  of  the  nitrogen  fam- 
ily show  a  chemical  character  which  differs  from  that  found  in 
the  other  two  because  of  the  greater  number  of  hydrogen  atoms 
contained  in  them.  The  hydrogen  compounds  of  the  halogenes 
were  acids,  because  one  atom  of  each  of  those  elements  could 
unite  with  but  one  atom  of  hydrogen,  the  positive  character  of 
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the  latter  therefore  was  not  sufficient  to  counterbalance  the  negative 
properties  of  the  halogene.  The  elements  of  sulphur  family  formed 
but  slightly  acid  hydrogen  compounds,  for  the  two  hydrogen  atoms 
contained  in  these  had  twice  the  effect  of  the  one  in  the  chlorine 
group,  while  lastly  the  hydrogen  compounds  of  theelements  of  the 
nitrogen  family  are  either  basic  or  neutral,  for  here  the  three 
hydrogen  atoms  entirely  counterbalance  the  chemical  character  of 
that  of  the  element  with  which  they  are  united.  However,  an 
atom  of  hydrogen  has  a  small  mass,  so  that  its  influence  on  the 
character  of  a  compound  would  become  less  as  the  mass  of  the  atom 
of  the  element  with  which  it  is  united  becomes  greater.  This  con- 
nection between  mass  and  chemical  character  can  be  seen  in  the 
sulphur  and  nitrogen  families;  thus,  water  is  nearly  neutral  in 
behavior,  being  both  basic  and  acid;  sulphuretted  hydrogen,  where 
the  mass  of  the  sulphur  atom  is  twice  that  of  an  oxygen  atom, 
has  the  power  of  reddening  litmus,  while  its  basic  character  is 
much  less  than  that  of  water;  lastly,  hydrogen  selenide  and  telluride 
are  also  weakly  acid.  In  the  nitrogen  family;  ammonia  is  a  pro- 
nounced base,  being  capable  of  uniting  with  almost  all  acid 
substances  to  form  stable  compounds;  P  Hg  (phosphine)  yields  salts 
with  but  a  few  acids,  such  as  H  Br  and  H  I,  while  As  H3  (arsine) 
and  Sb  H3  (stibine)  can  form  no  salts;  so  that  the  increasing  mass 
of  the  not-metallic  element  has  gradually  counterbalanced  the  effect 
of  the  positive  hydrogen.  Generalizations  of  this  kind  would  be 
more  simple  were  it  not  for  the  fact  that  another  factor,  that  is,  the 
diminishing  not-metallic  character  of  the  elements  with  increasing 
atomic  weights,  influences  the  character  of  the  hydrogen  com- 
pounds. If  iodine,  for  instance,  were  as  negative  as  chlorine, 
we  would  expect  hydroiodic  acid  to  be  a  much  stronger  acid 
than  hydrochloric,  for  the  mass  of  an  atom  of  iodine  is  greater 
than  that  of  an  atom  of  chlorine;  that  this  is  not  the  case  is  due 
to  the  fact  that  iodine  is  much  less  not-metallic  in  its  character 
than  is  chlorine.  Organic  chemistry  teaches  us  that  if  we  substi- 
tute a  more  positive  group  of  elements  for  the  hydrogen  contained 
in  ammonia,  the  resulting  compound  becomes  more  like  a  metal, 
and  that  by  substituting  a  less  positive  group  it  becomes  less  like 
a  metal  in  its  character,  and  also  that  arsine  and  stibine,  which 
are  neutral,  can  be  made  to  act  like  metals  if  we  only  replace  their 
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hydrogen  atoms  by  groups  of  atoms  having  a  more  positive  chem- 
ical character.* 

Whatever  truth  there  may  be  in  the  above  considerations,  the 
facts  themselves  are  to  be  remembered;  so  that: 

Compounds  H  X   of  the  halogen es  are  acid. 

Compounds  Hg  X  of  the  sulphur  group  are  acid  (and  sometimes 
basic). 

Compounds  H3  X  of  the  nitrogen  group  are  basic  or  neutral. 

In  calling  these  compounds  acid,  we  mean  that  they  react  with 
bases  to  form  salts  or  salt-like  bodies,  in  calling  them  basic  that  they 
can  unite  with  acids  to  form  similar  substances.  The  following 
reactions  will  make  this  clear: 

H  CI  +     K  O  H  =  K  CI  +  H2  O. 
H2  S  +  2  K  O  H  =  Ko  8  +  2  H2  O. 


Acid. 

Base. 

H,N 

+ 

HCl 

=  N  H,  CI. 

H3N 

+ 

H2  S 

=  N  H,  S  H. 

Base. 

Acid. 

Water  can  sometimes  act  like  a  base,  as  is  seen  from  its  behavior 
when  it  unites  with  anhydrides;  this  will  be  apparent  by  comparing 
the  following  two  equations: 

S  O3       +  H2  O  =  H2  S  O4 

S  O3       +  K2  O  =  K,  S  0,t 
An  hydride.       Base.  Salt. 

One  great  difficulty  in  attempting  a  classification  like  this  is 
found  in  the  necessity  of  using  such  terms  as  **  basic  "  and  ^'acid," 
which  are  arbitrary  and  often  difPerently  applied  by  different  chem- 
ists; this  is  somewhat  obviated,  for  the  present,  by  remembering 
that  it  is  only  the  general  chemical  characteristics  shown  by  the 
hydrogen  compounds  of  the  not-metals,  which  we  are  considering; 
when  the  student  subsequently  discovers,  for  instance,  that  the 
hydrogen  atoms  in  ammonia  can  be  replaced  by  potassium,  he  need 
not  for  that  reason  look  upon  the  compound  as  an  acid — for  this 

*  A '*  positive  "  element  is  one  whicii  in  a  given  cliemical  compound  behaves 
Uke  a  metal,  a  negative  element  is  one  which  hehaves  like  a  not-metal,  while  posi- 
tive and  negative  groups  are  such  as  can  chemically  show  the  same  contrast  to  each 
other  as  do  a  metal  and  a  not-metal. 

tSee  pages  28  and  20. 
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would  only  be  an  individual  case,  and  then,  the  resulting  potassium 
compound  does  not  have  the  general  characteristics  of  a  salt.  (See 
page  71.) 

All  of  the  elements  of  the  nitrogen  family  form  oxides,  the  gen- 
eral formulae  of  the  most  important  of  which,  together  with  those  of 
the  acids  derived  from  them,  are  given  on  the  following  table;  those 
of  the  corresponding  halogene  compounds  are  repeated  for  purposes 
of  comparison: 


HALOOENES. 

Oxides. 

Acids. 

Xa  O 
XgOs 

X«06 

(XsOt) 

HXO 
HXOa 
HXOs 
HXO4 

Val- 
ence. 


1 
3 
5 

7 


NITROOBN  FAMIIiT. 


Oxides. 


XaOs 
XsOb 


Acids. 


HXOa 
HX  Os 


Nomenclature' 


Hypo-ous  acid 

ous  acid 

-ic  acid 
-ic  acid 


Per- 


In  the  nitrogen 
family,  the  acids 
HXOs  and  HXOs  can 
(excepting  the   nitro- 

gen  acids)  form  stable 
ydrated  acids: 
HX08+H20=H8XOs 
HXOs+H«0=H8X04 


The  trioxides  and  the  pentoxides,  as  well  as  the  acids  derived 
from  them  by  the  addition  of  water,  have  the  same  formulae  in  both 
families,  while  the  nomenclature  of  the  acids  is  also  the  same,  thus: 

CI2  Og  yields  H  CI  O2,  chlorous  acid,  and  Ng  Og  yields  H  N  O2, 
nitrous  acid. 

I2  O5  yields  H  I  O3,  iodic  acid,  and  Ng  O5  yields  H  N  O3,  nitric 

acid. 

There  are  no  important  acids  in  the  nitrogen  family  correspond- 
ing to  hypochlorous  and  hypobroraous  acids,  and  as  the  highest 
valence  of  the  elements  of  this  group  toward  oxygen  is  five,  there 
can  be  none  corresponding  to  perchloric  acid,  which  is  derived  from 
chlorine  with  a  valence  of  seven.  All  of  the  elements  of  the  nitro- 
gen family,  with  the  exception  of  nitrogen  and  bismuth,  have  a 
great  tendency  to  form  hydrated  acids  which  are  much  less  readily 
decomposed  than  are  those  of  the  corresponding  class  in  the  other  two 
families.  As  a  consequence,  phosphorous  acid  exists,  not  as  H  POj, 
but  as  H3  PO3  (H  PO2  +  H2  O),  and  phosphoric  acid  as  H,  PO4 
(H  PO3  +  H2  O)  more  often  than  as  H  POg,  so  that  the  acids  most 
frequently  met  with  contain  the  same  number  of  hydrogen  atoms  in 
a  formula  weight  as  there  are  in  a  molecule  of  ammonia.  The  oxide 
X'2  Og  becomes  more  basic  as  the  atomic  weight  of  X'  increases,  so 
that,  while  N2  Og  and  Pj  Og  are  the  anhydrides  of  acids.  As,  O,  is 
both  a  base  and  an  anhydride,  Sb,  O,  is  more  basic  than  acidic, 
while  Bi2  O3  acts  altogether  as  a  base.     This  change  in  the  nature  of 


Acidic. 

N,0, 
P.O. 

\./ 

AsjO, 

Sb-O, 

BijOs 

/\ 

Basic. 
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the  oxides  is  the  natural  result  of  the  change  from  not-metal  to  metal 
which  takes  place  in  this  family. 

The  pentoxides,  X'j  O5,  all  are  anhydrides 
of  acids  with  no  basic  properties;*  therefore,  an 
addition  to  the  amount  of  oxygen  present  in 
the  compounds  which  are  basic  changes  the 
latter  into  more  negative  and,  as  a  consequence, 
acidic  bodies.  The  general  rule  is  that 
where  several  oxides  of  the  same  metal  exist, 
the  character  of  these  becomes  less  basic  as  the  number  of  oxygen 
atoms  increases,  so  that  frequently  the  lowest  oxide  may  be  a  strong 
base,  forming  most  stable  salts  with  acids,  while  the  highest  may  be 
the  anhydride  of  an  acid;  as  a  consequence,  the  oxides  of  the  same 
element  may  not  resemble  each  other  as  much  as  they  do  the  corre- 
sponding oxides  of  some  other  element. 

Xitrogen,  in  addition  to  the  two  oxides,  Na  Og  and  Ng  O5,  forms 
three  others,  N2  O,  N  O  and  N  O2,  which  will  be  discussed  at  the 
proper  time.  The  chlorides  of  the  elements  of  the  nitrogen  family 
have  the  general  formulae  X'  Clg  and  X'  Cl^;  their  stability  increases 
as  the  metallic  character  of  the  elements  becomes  more  pronounced: 
N  CI3  (?),  explosive. 

P  CJ3,  P  CJ5,  decomposed  by  water  to  phosphorous  and  phosphoric 
acids. 

As  Clg,  ,  exists   in   the  presence   of   little  water,  entirely 

decomposed  by  much  water. 

Sb  Clg,  Sb  Clg,  partially  decomposed  by  water. 
Bi  Clg, ,  partially  decomposed  by  water. 

•BI«  Oa  shows  scarcely  any  of  the  properties  of  an  anhydride,  the  compound 
H  Bi  Ot,  corresponding  to  H  N  Os.  has  heen  isolated,  but  it  forms  no  salts  and 
shows  a  tendency  to  oreak  down,  giving  olT  oxygen. 
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CHAPTER  XXVI. 


AMMONIA  AND  THE  OTHER  COMPOUNDS  OF  NITROGEN 

AND  HYDROGEN. 

Ammonia:  N  H^,  Specific  weight,  air  =  i,  is  .589,  H  =  2  is 
16.96,  molecular  weight  17.  1  cc.  at  0°  ancl  .76  m.  pressure,  weighs 
.0007635  gram. 

Ammonia  is  by  far  the  most  important  of  the  three  compounds  of 
nitrogen  and  hydrogeli.  It  is  never  found,  as  such,  in  nature  but 
always  occurs  as  an  ammonium  salt,  combined  with  some  acid;  in  the 
atmosphere  and  soil  it  is  found  as  ammonium  carbonate,  nitrite  and 
nitrate;  in  mineral  waters  and  in  volcanic  regions,  as  the  sulphate. 
Ammonium  compounds  occur  in  almost  all  plants,  in  the  air  exhaled 
from  the  lungs,  and  in  the  urine  of  animals.  Those  ammonium 
compounds  which  are  found  in  the  soil  and  in  clay  are  produced 
from  outside  sources. 

Salts  of  ammonium  were  first  introduced  into  Europe  from 
Eastern  countries,  especially  from  Armenia,  so  that  the  name  given 
by  the  Arabian  alchemists  to  the  chloride,  the  salt  which  earliest 
came  into  prominence,  was  sal  armeniacum,  but  this  term  was 
subsequently  altered  to  sal  ammoniacum,  which  had  been  given  to 
sodium  chloride  imported  from  the  neighborhood  of  the  temple  of 
Jupiter  Ammon  in  the  Libyan  Desert.  The  earliest  ammonium  com- 
pounds were  prepared  in  the  East  by  the  distillation  of  camel's  dung 
and  were  much  prized  as  universal  remedies;  subsequently  other 
animal  refuse  was  used  in  the  preparation  of  the  carbonate;  at  one 
time  the  substance  prepared  by  the  dry  distillation  of  harts'  horns 
was  considered  the  most  potent,  so  that  the  name,  spirits  of  harts- 
horn, is  still  used  to  designate  a  solution  of  ammonia  in  water.  No 
distinction  was  made  between  ammonia  and  the  carbonate  of  ammon- 
ium, both  were  called  volatile  alkali,  until  Priestley  collected  pure 
ammonia  gas  over  mercury.     The  term  ammon iaque  was  introduced 
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by  the  French  chemists  at  the  close  of  the  laf3t  century,  and  from 
this  our  term  ammonia  has  its  origin. 

Nitrogen  and  hydrogen  have  no  tendency  whatever  to  unite 
under  ordinary  circumstances,  only  if  electric  sparks  are  allowed  to 
pass  for  some  time  through  a  mixture  of  the  two  gases  does  union 
take  place.  If,  however,  hydrogen  acts  upon  some  oxide  of 
nitrogen  under  proper  conditions,  especially  if  the  hydrogen  is  in 
the  so-called  nascent  state,  ammonia  is  formed  with  the  greatest  ease. 
For  instance,  if  a  mixture  of  nitric  oxide  (NO)  and  hydrogen  are 
passed  through  a  tube  heated  to  dull  redness  and  containing  a  few 
pieces  of  spongy  platinum,  ammonia  and  water  are  produced: 

N  O  +  5H  =  N  H3  +  Ha  O. 

If  pieces  of  iron  or  zinc  act  upon  very  dilute  nitric  acid,  ammonium 
nitrate  is  produced,  the  hydrogen  which  first  results  from  the  action 
of  the  metal  on  the  acid  not  only  takes  away  all  of  the  oxygen  from 
the  compound  of  nitrogen  which  it  attacks,  but  even,  in  addition, 
unites  with  that  element  to  form  ammonia.  (See  nitric  acid.) 
Decaying  organic  substances  which  contain  nitrogen,  give  ofF  ammo- 
nia, which,' uniting  with  the  carbon  dioxide  formed  at  the  same  time, 
produces  ammonium  carbonate;  the  odor  of  ammonia  can  therefore 
be  detected  in  the  neighborhood  of  heaps  of  manure  or  in  stables. 
The  compounds  of  nitrogen  which  are  an  essential  constituent  of 
existing  plants  and  animals,  must  have  been  just  as  necessary  in  past 
geologic  eras,  so  that  those  remains  which  are  found  as  bituminous- 
coal  are  rich  in  compounds  of  carbon,  hydrogen,  oxygen  and  nitro- 
gen; the  dry  distillation  of  this  coal  at  present  produces  nearly  all 
of  the  ammonia  in  use.  When  bituminous  coal  is  heated  without 
the  access  of  air  a  large  number  of  commercially  extremely  import- 
ant products  are  given  ofE.     They  are : 

Gaseous — Illuminating  gas,  ammonia,  sulphuretted  hydrogen. 

Liquid — Water,  benzol,  toluol,  phenol,  etc. 

Solid — Naphthalene,  anthracene,  etc. 

The  highest  boiling  products  are  substances  like  asphalt,  while 
the  carbon  remains  behind  in  the  form  of  coke. 

The  ammonia  which  passes  from  the  gas  manufacturing  retorts  is 

collected  by  passing  the  mixture  of  gases  upon  surfaces  of  wood  over 

which  a  continuous  stream  of  water  is  trickling;  the  solution  so- 
12 
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formed  is  a  dark  colored  liquor  from  which  it  ia  an  easy  matter  to 
obtain  aininuuia  in  a  pure  atate.  To  do  this,  the  dissolved  ammonia 
ia  oouvertml  either  iuto  ammouium  chloride  or  aulphate  hj  the  addi- 
tion of  hydrochloric  or  aulphuric  acid.  The  solution  of  ammonia  ia 
water  we  may  presume  contains  the  gaa  combined  with  water  as 
■uumouium  hydroxide: 

NH,  +  H,  O  =  NH,  OH. 
When  acids  are  added  to  this  hydroxide,  an  ammonium  salt  ia  pro- 
duci'ii,  jii:<t  as  a  potasaium  or  ^ium  salt  would  be  formed  under 
similar  oiraimstancea; 

K  OH     +   H  CI   =       K  CI       +   a  0, 
2K0n    -f-Hj(?0.=      K,SO.     +2H,0, 
(NHJOH   +  HCI    =     {N'H,)C1+  H,  O, 
■J  ,NH»")  OH  +  H,  SO.  =  (NH,),SO,  +  2  H,  O, 
for  the  gnmp  of  elements  NH^  acts  exactly  like  sodium  or  potassium. 
lu  orvler  to  liberate  the  ammonia  frtmi  these  salts  it  is  only  necessary 
to  treat  ihem  with  some  such  base  as  stKlium  or  calcium  hydrox- 
ide, for  thi^s^  not-volatile  bases  wouUI  expel  a  volatile  one  from  its 
•ttlw,  w  th»t: 

>-U.  CI    +    Na  OH    =  Na  CI  +    NH,  OH. 
^N'H.\SO,-)-  2  Na  OH  ^  NajSO,+  2  NH,  OH, 
2iVH.)Ct    +Ca^OHt,  =  0aCl,   +  2  SH,  OH; 
The  ammouium  hydroxiite  sn  tVnued  breaks  down  into  ammoDla 
»ud  water.  XH,  OH  =  NHj  -h  H,  O.  so  that  pure  ammonia  gas  can 
be  lilvrai!''!  t'lviu  ilu-  i-hl'i'ide  or  sulph;tle  of  amiuoDium  formed,  as 
«h>.>wu  ttUne.  bv  iioi.liryiii-4  tho  i.'fiulo  ainmouiacal  liquor.     The  gas 
is  thvu  ei-l'''Vit'>^l  bv  pii.-isiti>;  il  iiilo  w»ter  and  the  solution  so  formed 
is  tW  li /•■■•r  ■iiHiiKit'ii  oe'  coiuiiu'R-e.     A  similar  method  can    be 
omi'Ioyi-vl  i»  the  pi\Hlii>.'tiv'u  •.<£  miM  iiuautictes  of  ammonia  for  lab- 
oratory uw." 

.Vmiiiodia  iK  a  ivlotK>»  ^-^ls  wi'li  a  peuetrattug  alkaline  odor. 
At  —iO'  a't«t  um-Ut  a  ['ivs.-.a^'  oE  olk'  ;»t:ii.>spiicre.  it  eondeoses  to  a 
OolorU-oa  liituid  tthich  bi'ii-i  ai  -  ;i^..">''  and  wliich  changes  into  a 
orv6[aUiu\--^'''d  :ii  Til"*.  The  i;!u-i  Ii;ui  a  sfn-eitic  gravity  of  .596 
M  O""  »ud  TOi'-"-",  whk-h.  wiiti  Indrnmu  as  two,  gives  a  density  of 
lli.y.  *>  ihai  tao  iimUviiliu-  woi-iii  ,.f  this  wmpviuud  IS  17.  As  a 
oou^iiueii'.v  »e  v'«ii  cvllivC  iIk-  ^'it*  by  uinvard  ilir placement,  exactly 
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as  was  done  with  hydrogen.  AmmoDia  is  quite  a  Btable  compound, 
just  afl  were  the  corresponding  aubetances  in  the  oxygen  and  halo- 
gene  families,  namely,  water  and  hydrofluoric  acid;  it  follows  that 
ammonia  does  not  support  combustion  and  bums  with  difficulty  to 
form  water  and  nitrogen,  even  when  it  is  mixed  with  oxygen  and 
ignited."  Naturally  it  does  not  support  life.  The  gaa  can  be  com- 
pletely decomposed  into  nitrogen  and  hydrogen  by  passing  an  electric 
spark  through  it  for  some  length  ot  time,  and,  when  this  is  done, 
two  volumes  of  ammonia  yield  three  of  hydrogen  and  one  of  nitrogen. 


fW 

N 

H 

H 

f 

N 

H 

(h 

or2NH,=Ng  +  3H3. 


Ammonia,  when  it  is  heated  to  780°  in  a  porcelain  or  iron  tube,  is 
almost  completely  dissociated  into  hydrogen  and  nitrogen. 

Ammonia  can,  under  proper  circumstances,  burn  in  oxygen  to 
form  water  and  nitrogen,  and  just  so  it  is  acted  on  by  chlorine  to 
form  hydrochloric  acid  and  nitrogen : 

NH3  +  3C1  =  N+3HC1. 

By  means  of  this  reaction  we  can  readily  determine  the  relative 
volumes  of  nitrogen  and  hydrogen  which  go  to  make  ammonia.  If 
we  fill  a  long  glass  tube  with  chlorine  and  then  add  ammonia  water 
without  admitting  any  air,  hydrochloric  acid  and  nitrogen  will  he 
formed.  We  learned  that  one  volume  of  chlorine  unites  with  one 
volume  of  hydrogen  to  form  hydrochloric  acid,  so  that  the  volume 
ot  chlorine  in  the  vessel  must  have  united  with  an  equal  volume  of 
hydrogen  which  was  contained  in  the  ammonia  water,  and  therefore 
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the  volume  of  hydrogen  which  was  present  in  the  ammonia  is  given 
by  the  volume  of  chlorine  in  the  vessel.  Now,  by  cautiously 
admitting  very  dilute  sulphuric  acid,  we  can  absorb  the  excessive 
ammonia,  while  the  hydrochloric  acid  has  already  formed  ammo- 
nium chloride  with  the  ammonia  water.  Nothing  but  nitrogen  will 
therefore  remain  in  place  of  the  chlorine  originally  used,  and  its 
volume  will  exactly  fill  one-third  of  the  tube.  It  follows  that  one 
volume  of  nitrogen  and  three  of  hydrogen  unite  to  form  ammonia. 
The  following  diagram  will  make  this  clear: 


+  NH3  in  solution  = 


+ 


N 


The  H  CI  is  removed  by  dissolving  in  ammonia  water,  so  that  the  N 
remains,  and  this  must  be  one-third  the  original  volume  of  chlorine. 

We  have  seen  that  when  ammonia  is  decomposed  by  the  electric 
spark,  two  volumes  of  the  gas  yield  three  of  hydrogen  and  one  of 
nitrogen,  and  that,  conversely,  ammonia  is  formed  from  three  volumes 
of  hydrogen  and  one  of  nitrogen.  From  the  first  of  these  two  discov- 
eries we  can  conclude,  as  we  did  in  the  case  of  oxygen  and  chlorine, 
that  nitrogen  contains  two  atoms  in  its  molecule  (see  page  68),  from 
both  we  conclude  that  the  formula  of  ammonia  is  NH3.  In  addition, 
the  specific  gravity  of  ammonia  shows  us  that  its  molecular  weight  is 
17,  and  quantitative  analysis  that  in  seventeen  parts  by  weight  of 
ammonia  there  are  fourteen  of  nitrogen  and  three  of  hydrogen. 
The  atomic  weight  of  nitrogen  is  therefore  presumably  14,  and 
must  remain  so  unless  some  compound  of  nitrogen  should  be  discov- 
ered, the  molecular  weight  of  which  is  known  and  which  contains 
less  than  fourteen  parts  by  weight  of  nitrogen. 

Ammonia  is  very  soluble  in  water,  one  volume  of  water  dissolves 
813  times  its  own  volume  of  ammonia  gas."^  The  solution  has  the 
odor  of  ammonia  gas,  is  alkaline,  for  it  changes  red  litmus  to  blue, 
and  is  generally  considered  as  containing  the  ammonia  combined 
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with  water  in  the  form  of  ammoDium  hydroxide,  NH,  OH.*  Upon 
warratng  the  solution,  ammonia  is  expelled,  and  thig  fact  is  made 
use  of  in  the  preparation  of  artificial  ice.  An  iron  vessel  containing 
ammonia  water  is  connected  by  pipes  with  another  one  in  the  form 
of  a  double  walled  hollow  cylinder,  all  of  the  connections  being  such 
that  no  gas  can  escape.  Ammonia  water  19  placed  in  the  Jirst  vessel 
and  is  warmed.  The  escaping  gas  passing  into  the  space  between 
the  double  walls  o£  the  second  vessel,  which  is  cooled  by  means  of 
cold  water.     The  pressure  of  ammonia  and  the  cold,  combined,  con- 


dense the  gas  to  a  liquid.  The  conditions  are  now  reversed,  the 
cylinder  is  slightly  warmed,  while  the  first  vessel  is  cooled,  the  con- 
densed gas  boils  and  is  absorbed  by  the  water  contained  in  the  latter, 
while,  when  the  liquid  ammonia  bolls,  enough  heat  is  absorbed  to 
freeze  a  can  of  water  placed  within  the  hollow  cylinder. 

*  According  to  receot  lavestigatloiis  it  seems  probable  that  ammonium  hydFOi- 
Ida  1h  not  formed  when  ammonia  dlaaolves  In  water,  (or  all  other  hydroilde  aolu- 
Uons  conduct  electricity  with  aa  great  ease  as  salt  solutions,  but  the  solution  ot 
unmoula  la  water  has  only  ^'g  the  conducting  power  ot  a  salt  of  the  same  mol&- 
cnlar  weight.  As  all  ot  the  salts  ot  ammonium  corresnond  to  those  of  potaa- 
slom,  It  Is  however  con v^enlent  to  consider  the  solution  of  ammonia  In  water  as 
ammonium  hydroxide. 


182  A  TEXT -BOOK  OF 

Ammonia  gas  can  add  itself  directly  to  acids,  forming  salts  as 

follows : 

NHg  +  H  CI     =  NH4  CI  ammonium  chloride, 

2  NH3  +  H2  SO,  =  (NH,),  SO4     ''       sulphate, 

NHg  +  H  NOa  =  NH4  NO3         ' '        nitrate . 

These  salts  are  called  ammonium  salts,  the  group  of  elements 
NH4,  which  acts  exactly  as  does  potassium,  is  called  ammonium ^  it 
takes  the  place  of  hydrogen  in  the  acids,  and  the  salts  so  produced 
have  exactly  the  character  of  the  salts  of  the  true  metals.  Where 
a  group  of  elements  acts  in  this  manner,  being  transferred  from  one 
compound  to  another  without  decomposition,  just  as  an  element 
would  be,  it  is  called  a  radicle.  Ammonium  is,  therefore,  the 
unchanging  constituent  of  a  large  number  of  compounds,  if  the 
grouping  of  elements  NH^  is  destroyed,  then  ammonium  salts  lose 
their  identity  as  such.  Ammonium  is  a  radicle  which  can  act  as  a 
metal,  we  are  acquainted  with  other  radicles  which  are 'composed 
entirely  of  not  metals  and  which  act  as  much  like  the  latter  as 
ammonium  does  like  the  former,  indeed,  it  is  very  difficult  to  say  just 
what  compounds  shall  be  called  radicles  and  what  shall  not  be,  but 
it  is  best  to  limit  the  term  to  such  groups  of  elements  as  are  very 
frequently  met  with  as  the  unchanging,  constituents  of  a  large  num- 
ber of  compounds,  and  which  can  be  transferred  from  one  compound 
to  another  as  a  whole j  and  without  alteration. 

When  ammonia  dissolves  in  water,  its  solution,  for  convenience 

in  chemical   notation,  is  considered   as   one   of   the    hydroxide  of 

ammonium : 

NHg  +  HaO^NH.OH. 

With  this  hypothesis  in  view  the  parallelism  between  ammonium 
and  the  metals  becomes  more  apparent  for: 

(NH,)OH     +        HCl         =         (NH,)C1      +  H^O. 

Ammonium  hydroxide  +  hydrochloric  acid  =  ammonium  chloride  +  water. 

KOH  +        HCl         =        KCl  +H,0. 

Potassium  hydroxide     +  hydrochloric  acid  =  potassium  chloride    -f  water. 

2(NH,)0H  +        H2SO,      =         (NH^aSO*   +2H2O. 

Ammonium  hydroxide   +  sulphuric  acid       =  ammonium  sulphate  +   water, 

2  KOH         +        H2SO,      =         KjSO,  +2H,0. 

Potassium  hydroxide     +  sulphuric  acid      =   potassium  sulphate   -f  water. 
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These  salts,  upon  heating,  decompose  into  ammonia  and  the  cor- 
responding acid.  Thus  ammonium  chloride,  when  vaporized,  yields 
ammonia  and  hydrochloric  acid: 

NH4  CI  =  NHa  +  H  CI. 

The  specific  gravity  of  ammonium  chloride  vapor,  if  hydrogen 
=  2,  provided  no  decomposition  had  taken  place,  should  be  the  same 
as  its  molecular  weight,  or  53.5.  In  reality  it  is  only  one-half  of 
this  number,  or  26.75.  Let  us  suppose  a  volume  of  hydrogen  weighs 
two  grams,  then  an  equal  volume  of  ammonium  chloride  vapor  weighs 
26.75  grams — ^but  were  it  vaporized  without  decomposition  then  it 
should  weigh  53.5  grams,  it  follows  therefore  that  the  ammonium 
chloride  has  decomposed  into  a  molecule  of  ammonia  and  one  of 
hydrochloric  acid.* 

1  vol.  H.  1  vol.  N  H,  CI  vapor.  2  vols.  (N  H3  +  H  CI. ) 


53.5  grams 
NH,  CI 


53.5 

NH3 

26.75  gr. 


grams 
+  HC1 
26.75  gr. 


If  undecomposed. 


If  decomposed. 


These  conclusions  are  a  necessary  result  of  Avogadro's  hypothesis, 
(page  66).  Quite  a  number  of  bodies  dissociate  into  two  simpler 
ones  on  vaporizing.  All  of  these  give  abnormal  specific  gravities; 
for  their  vapors,  but  the  explanation  is  always  the  same  as  that  just 
given  for  ammonium  chloride.  The  fact  that  the  specific  gravity  of 
ammonium  chloride  vapor,  if  hydrogen  is  two,  does  not  correspond 
to  the  molecular  weight,  does  not  invalidate  the  method  of  obtaining 
the  molecular  weights  of  gases  by  means  of  their  specific  gravities; 
it  only  shows  us  that  we  must  be  careful  to  ascertain  if  the  gas,  the 
specific  gravity  of  which  we  are  about  to  determine,  is  identical  in 
chemical  constitution  with  the  liquid  or  solid  from  which  it  is  pro- 
duced. 

r 

*  Recently  ammonium  chloride  has  been  vaporized  under  less  than  atmospheric 
pressure,  in  which  condition  no  decomposition  took  place,  as  the  specific  gravity  ot 
the  vapor  Indicated.  The  molecules  of  the  gas  had  the  formula  NH4  CI.  This 
proves  that  nitrogen  is  quinquivalent  in  ammonium  chloride. 


-V 
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Nitrogea  ia  triv&lent  in  ammonia,  but  the  element  is  unsatu- 
rftted  (see  page  103);  nhile  it  is  not  capable  of  taking  up  anj  more 
positive  atoms,  such  as  hydrogen,  it  can  add  other  atoms,  provided 
the  group  to  be  added  contains  a  uegatlve  element  or  group  of  ele- 
loeats.  Because  the  large  number  of  hydrogen  atoms  contained  in 
^H,  have  rendered  that  coropouud  positive,  it  has  no  tendency  to 
farther  unite  with  positive  substances,  but  when  a  negative  com- 
pound such  aa  hydrochloric  or  any  other  acid  is  added  to  ammonia, 
tlie  latter  separates  the  former  with  two  parts,  namely  into  hydrogen 
and  the  not-metallic  element  or  group  of  elements  with  which  hydro- 
gen was  united,  these  two  parts  add  separately,  so  that  nitrogen 
becomes  quinquivalent, 

-H 

-H-l-HCl 

-H 

We  have  seen  that  water  was  similarly  decomposed  when  adding  to 
ojcides  to  form  hydroxides  (see  page  111,  112). 

All  ammonium  salts  are  decomposed  by  heat,  with  the  following 
tesutta : 

1.  The  ammonium  aalts  may  be  entirely  disintegrated,  as  is  the 
case  with  ammonium  nitrate,  for  when  that  substance  is  heated 
neither  ammonia  nor  nitric  acid  are  produced. 

2.  Ammonia  and  the  acid  are  produced. 

a.  The  acid  may  be  volatile,  then  nothing  remains. 

b.  The  acid  may  be  not-volatile,  then  it  remains. 

c.  The  acid  maybe  decomposed  by  heat,  then  its  decom- 
position product  remains. 

The  radicle  NHj,  ammonium,  has  never  been  isolated,  but  it 
appears  that  it  can  act  like  a  metal  in  forming  an  amalgam  with 
mercuiy.  If  an  ammonium  salt,  like  ammonium  chloride,  is  decom- 
posed by  sodium  in  the  presence  of  mercury,  the  ammonium  liberated 
vill  form  an  amalgam  with  the  latter.* 

NH,  CI  -I-  Na  =  NH.  +  Na  CI. 
The   mercury  will  expand  and  become  of  the  conaiatency  of  soft 

'  Amalgams  are  solutions  or  metals  In  men^ury.  Ttiey  sometlmas  have  deDalte 
vyalolUae  torms  or  deflolte  (luuiitltiea  oC  metal  and  mercury.  Tbe  mBrairy  m&i' 
11  these  possibly  play  the  part  o[  water  ol  crystallization. 
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1> utter.     This  amalgam  gradually  decomposes,  ammonia  and  hydro- 
gen are  given  off,  and  the  mercury  shrinks  to  its  former  size."  * 
Nitrogen  forms  two  other  compounds  with   hydrogen,  namely                               ;! 
hydrazine,  Ng  H^  and  azoimide,  Ng  H,  both  of  these  substances  were                               j 
recently  discovered  by  Curtius.     Hydrazine  can  be  considered  as 
analogous  to  hydrogen  dioxide,  for  the  latter  is  water  in  which  one 
atom  of  hydrogen  if  replaced  by  hydroxy le:                                                                       j 

H-0-HandHO-OH,  ! 


fH 

H 

»T         H 

mr        ■    JbL 

N  g 

[ci 

I  CI 

Ammonium  chloride. 

Hydrazonium  chloride. 

Both  of  the  radicles  NH^  contained  in  hydrazine  can,  how- 
ever, unite  with  acids,  so  that  the  salts  might  be  considered  to  be 
formed  as  follows: 

NH2  —  NH2  +  H  CI  =  NH2  —  NHs  CI, 
H  CI  +  NH2  —  NH3  CI  =  NH3  CI  —  NH3  CI. 


while  the  former  is  ammonia  in  which  one  atom  of  hydrogen  has 
"been  replaced  by  the  univalent  group  —  NHg, 

H  — N  =  H2  and  H^  =  N  — N  =  H^, 

the  group  of  atoms  to  which  hydrogen  is  attached  is  in  the  one  case  .  si 

—  O  —  O  —  and  in  the  other  =  N  —  N  = ;  as  oxygen  is  bivalent,  ;  V: 

each  oxygen  atom  in  the  above  group  will  only  be  capable  of  uniting 
with  one  hydrogen  atom  while,  as  nitrogen  is  trivalent,  each  nitrogen 
atom  is  capable  of  further  union  with  two  hydrogen  atoms.  (See 
pages  102,  103). 

Hydrazine  is  a  colorless  gas  which  has  scarcely  any  odor  when 
inhaled  in  small  quantities;  it  is  quite  soluble  in  water,  its  solution 
turns  red  litmus  blue  and  the  gas  forms  white  clouds  with  hydro- 
chloric acid,  just  as  ammonia  would  do.  Hydrazine  is  therefore 
basic  in  its  character,  so  that  it,  like  ammonia,  unites  with  acids  to 
form  salts.  These  salts  have  the  same  composition  as  those  of 
ammonium,  with  the  exception  that  one  atom  of  hydrogen  is 
replaced  by  the  univalent  radicle  —  NH2. 
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In  hydrazine  we  would  therefore  have  a  diacidic  base,  just  as  in  sul- 
phuric acid  we  have  a  dibasic  acid. 

Azoimide  or  hydrogen  nitride,  Ng  H,  is  a  colorless  gas  with  a 
peculiar,  very  penetrating  odor,  it  is  quite  poisonous  and  its  solution 
in  water  has  an  extremely  irritating  effect  upon  the  skin.  The 
most  interesting  fact  in  regard  to  this  compound  is  that  it  is  a  strong 
acid,  greatly  resembling  hydrochloric  or  hydrobromic  acids,  hut  a 
short  consideration  will  show  us  the  reason  for  this  chemical  behavior, 
for  in  azoimide  the  mass  of  the  three  nitrogen  atoms  entirely  over- 
balances that  of  the  one  hydrogen  atom,  and  consequently  the  com- 
pound, as  a  whole,  is  negative  (see  pages  172,  173);  we  would 
therefore  expect  azoimide  to  be  acid  in  its  nature.*  Azoimide 
forms  dense  white  fumes  with  ammonia,  just  as  hydrochloric  acid 
does,  the  substance  formed  in  the  one  case  is  ammonium  nitride 
just  as  in  the  other  it  was  ammonium  chloride: 

NH3  +  HN3  =  NH,  Ns, 
NH3  +  HC1  =  NH,C1. 

• 

The  solution  of  azoimide  attacks  copper,  aluminium,  zinc  and  other 
metals,  forming  the  nitrides  and  liberating  hydrogen;  it  dis- 
solves oxides  and  hydroxides  of  metals.  The  nitrides  formed, 
in  all  cases,  resemble  the  corresponding  chlorides.  Hydrogen 
nitride  differs  from  hydrogen  chloride  only  because  it  is  very  ex- 
plosive, for  even  a  shock  or  a  slight  increase  in  temperature  will 
cause  it  to  explode  with  terrific  force.  It  follows  from  this  that  the 
grouping  of  three  nitrogen  atoijis  in  this  molecule  only  takes  place 
under  great  tension,  so  that  the  molecule  is  subjected  to  a  constant 
strain,  just  as  a  wound  up  watch  spring  is.  The  structural  formula 
assigned  to  hydrogen  nitride  by  its  discoverer  is: 

N 
ll>N-H. 

•  As  we  increase  the  number  of  hydrogen  atoms  in  the  three  compounds  of 
nitrogen  and  hydrogen,  and  as  at  the  same  time  we  diminish  the  number  of  nitrogen 
atoms,  we  pass  from  an  acid  to  bodies  with  an  entirely  opposite  chemical  character. 
This  change  reminds  us  of  the  transition  from  not-metals  to  metals  which  we 
encountered  in  the  natural  families  formed  by  the  elements  which  we  have  studied 
—with  the  difference  that  with  the  increase  of  the  mass  of  the  not-metallic  element 
in  these  compounds,  the  negative  properties  increase  while  in  a  natural  famUy  they 
dimintsh. 
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CHAPTER  XXVII. 


THE  COMPOUNDS  OF  NITROGEN  WITH  OXYGEN  AND  WITH 

OXYGEN  AND  HYDROGEN. 

V, 

Citrous  oxide,  N^  0,  specific  gravity^  air  =  i,  is  1.527,  H  =  2,  is 
43.97,  molecular  weight  is  44.  1  c.c.  of  the  gas  weighs  .0019885 
gram  at  0°  and  .76  m.  pressure.  Nitric  oxide,  N  0,  specific 
gravity,  air  =  1,  is  1.0384,  H  =•  2,  is  29.9,  molecular  weight  is 
30.  1  c.c.  of  the  gas  weighs  .001348  gram.  Nitrogen  peroxide, 
N  O2,  specific  gravity,  air  =^  1,  is  1.59,  H  =  2,is  45.8  {at  130°) 
molecular  weight  is  46  (at  140°  )» 

Nitrogen    forms  the  following   compounds   with    oxygen    and 
hydrogen : 

1.  Ng  O,  Nitrous  oxide,  H  N  O,   hyponitrous  acid, 

2.  N  O,    Nitric  oxide, , 

,3.     Nj  Og,  Nitrogen  trioxide,      H  N  O2,  nitrous  acid, 

4.     N  O2,  Nitrogen  peroxide, 


5.     Na  O5,  Nitrogen  pentoxide,  H  N  Og,  nitric  acid. 

Of  these  compounds,  Nj  O,  N2  O3  and  N.^  O5  are  similar  to  those 
encountered  in  the  study  of  the  halogen es,  for  there  we  have 
OI2  O,  CI2  Og  and  Ij  O5,  so  that,  provided  we  consider  oxygen  as 
being  uniformly  bivalent,  the  valence  of  nitrogen  in  these  oxides  is 
■one,  three  and  five;  the  acids  derived  from  these  three  oxides, 
H  N  O,  hyponitrous  acid,  H  N  O2,  nitrous  acid,  H  N  Og,  nitric  acid 
also  have  formulae  like  those  of  the  halogene  acids;  but  no  pemitric 
acid  exists,  for  the  highest  valence  displayed  by  the  nitrogen  family 
is  five.  Nitric  oxide  does  not  act  like  the  anhydride  of  an  acid,  it 
is  but  little  soluble  in  water  and  is  not  attacked  by  bases;  neither 
has  nitrous  oxide  the  characteristics  of  an  anhydride,  it  has  no  tend- 
ency to  form  hyponitrous  acid  with  water  or  hyponitrites  with  alka- 
lis, but,  on  the  other  hand,  it  is  produced  when  a  solution  of 
hyponitrous  acid  is  warmed,  so  that  it  must  be  looked  upon  as  the 
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anhydride  of  that  acid.  We  will  begin  the  discussion  of  the  oxides  of 
nitrogen  with  nitrous  oside,  following  with  nitric  oxide,  nitrogen  tri- 
oxide,  nitrogen  peroxide  and  nitrogen  pentoxide  in  the  order  named. 
Nitrous  oxide  never  occurs  aa  such,  it  is  sulely  a  product  of  the 
laboratory.  The  gas  was  discovered  by  Priestley  in  1776  and  was- 
first  called  dephlogisticated  nitric  gas,  its  composition  was  not 
explained  until  some  time  after  its  discovery,  when  Davy  proved 
it  to  be  an  oxide  of  nitrogen.  It  is  best  prepared  by  heating  ammo- 
nium nitrate,  when  water  and  nitrous  oxide  are  formed  aa  follows:" 

N  H.  N  0,  =  N,  0  +  2  H,  O,* 
but  the  gaa  can  also  be  produced  by  the  reduction  of  nitric  oxide  by 
means  of  finely  divided  metals,  such  as  zinc  or  iron. 

Nitrous   oxide  is  a  colorless  gas  with  a  very  slight  odor  and 
sweetish  taste.     Its  specific  gravity,  air  —  1,  is  1.527,  which,  with 
,  T  ,.  hydrogen  as  two,  would  give  44.96,  so  that  the 

i|  molecular  weight  is  in  round   numbers,  44.     In 

f  this  weight,  analysis  shows  that  there  are  twenty- 

i.|  eight  parts  by  weight  of  nitrogen  and  sixteen 

J3m  of  oxygen,  so  that  nitrous  oxide  contains,  in  its 

I^H  molecule,  one  atom  of  oxygen  and  two  of  nitro- 

l^n  gen;  for,  by  means  of  the  study  of  water  and 

f^M  other  compounds  of  oxygen,  we  have  concluded 

I^Q  that  the  atomic  weight  of  oxygen  is  sixteen, 

""""'  provided  that  of  hydrogen  is  1.007,  and  from 

our  study  of  the  composition  of  ammonia  and 
other    nitrogen    compounds   it   follows  that  the 
Figure  36.         atomic  weight  of  nitrogen  is  14.     Nitrous  oxide- 
has,  therefore,  a  structure  similar  to  that  of  water,  as  will  be  seen  by 
comparing  the  formulse: 

N  —  0  —  N  and  H  —  0  —  H. 
Nitrogen  is,  therefore,  univalent  in  nitrous  oxide  just  as  hydrogen 
is  in  water.     From  a  further  study  of  its  eonipositioa  we  see  that, 
two  volumes  of  nitrogen  will  unite  with  one  of  oxygen  to  form  two 
volumes  of  nitrous  oxide,  just  as  two  volumes  of  hydrogen  united 

•A  stmLlar  reaction  takes  place  wbeo  atumoulum  nitrltfi  Is  heated^  onlj  tbei> 
nttroiren  and  notiiHrousoiiae  Is  formed; 

NH,NOt  =  2N  +  an,o 
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with  one  of  oxygen  to  form  two  of  water;  tlie  coiicliisiona  regarding; 
the  composition  of  water,  at  which  we  arrived  on  page  68,  are  con- 
sequently equally  applicable  to  nitrous  oxide. 

Nitrous  oside  ia  quite  readily  soluble  in  water,  at  0°  oue  volutin' 
of  water  will  absorb  about  one  hundred  and  thirty  volumeB  uf  Iho 
gas.  Nitrous  oxide  will  support  combustion  almost  as  readily  as 
oxygen  does,  a  glowing  pine  chip  will  take  fire  in  the  gas  and 
phosphorus  as  well  aa  sulphur,  which  have  been  ignited  in  the  air, 
will  continue  to  burn  brilliantly  in  nitrous  oxide.  The  great  tend- 
ency to  give  off  oxygen  which  is  displayed  by  nitrous  oxide,  i- 
readily  understood  when  we  consider  that  it  is  aa  endothermic  com- 
pound, in  the  formation  of  which  wfirk  which  is  equivalent  t<> 
185  K  must  be  done;  the  gas  therefore  posseses  more  energy  than  It.-^ 
constituents,  and  will  break  down  at  the  first  opportunity.  That, 
however,  considerable  impulse  is  required  to  inaugurate  this  decom- 
position is  shown  by  the  t'act  that  feebly  burning  sulphur  is  extin- 
guished in  the  gas,  while  that  which  is  combusting  with  consid- 
erable energy  will  continue  to  do  so  in  nitrous  oxide  with  almosl 
the  same  brilliancy  as  if  it  were  placed  in  oxygen.  When  a  sub- 
stance which,  like  phosphorus,  forms  a  solid  oxide,  burns  in  nitrous 
oxide  there  is  no  change  in  volume,  for  the  molecule  of  N^  0  sim- 
ply loees  oxygen,  while  a  molecule  of  S^  is  left  in  its  place,  oue 
thousand  molecules  of  nitrous  oxide  would  therefore  yield  Ihr 
same  number  of  molecules  of  nitrogen,  or  x  molecules  of  nitrou= 
oxide  would  yield  x  molecules  of  nitrogen,  it  therefore  follows  thai 
the  volume  of  nitrogen  which  is  formed  has  the  same  number  ul' 
particles  as  the  volume  of  gas  from  which  it  is  produced,  provided 
the  gases  have  the  same  temperature  and  are  under  the  same 
pressure,  but,  when  two  gase^,  under  the  same  temperature  andpretsuTe, 
contain  equal  numbers  of  moleeules,  they  have  equal  volumes. 

Nitrous  oxide  is  quite  readily  condensed  to  a  liquid,  at  0"  ii 
becomes  fluid  under  a  pressure  of  thirty  atmospheres,  its  boiling- 
point,  under  atmospheric  pressure,  is  — 88°,  it  Incomes  solid  ai 
—100°. 

Although  nitrous  (}xide  can  give  up  its  oxygen  so  readily  to 
burning  substances,  it  cannot  do  so  in  order  to  support  respiration. 
If  the  gas  is  inhaled,  the  first  effect  is  loss  of  consciousness  accom- 
panied by  a  rumbling  in  the  ears,  while  the  person  undergoing  treat- 
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ment  experiences  an  involuntary  tendency  to  laugh;  as  a  conse- 
quence of  this  eflFect  Davy  named  this  substance  laughing  gas. 
Small  animals  are  very  rapidly  killed  by  nitrous  oxide.  The  effects 
of  the  inhalation  of  the  gas  disappear  soon  after  pure  air  is  taken 
into  the  lungs — and  as  a  consequence  it  is  extensively  used  as  an 
anaesthetic  in  place  of  chloroform  or  ether.  The  nitrous  oxide  used 
for  this  purpose  is  condensed  and  transported  in  iron  bottles. 

Nitric  oxide  is  the  oxide  of  nitrogen  which  contains  the  next 
greater  quantity  of  oxygen.  It  results  from  the  action  of  many 
metals  or,  indeed,  if  other  oxidizable  substances  on  nitric  acid;  it 
does  not  occur  in  a  free  state,,  for  the  oxygen  of  the  atmosphere 
converts  it  into  a  mixture  of  the  two  higher  oxides,  Nj  Og  and 
NOj.  The  most  convenient  method  of  preparing  the  gas  is  by  the 
action  of  nitric  acid  on  copper. ^^  When  copper  is  treated  with  nitric 
acid  the  first  result,  if  we  can  reason  from  analogy,  would  most 
probably  be  the  formation  of  copper  nitrate  and  hydrogen : 

Zn  +  H^SO,     =ZnSO,      +  2  H, 
Zn  +  2  H  CI     =  Zn  Clg        +*2  H,  and 
Cu  +  2  H  NO3  =  Cu  (N03)2  +  2  H, 

Nitric  acid,  however,   although  it  is  much   more  stable  than  the 

chlorine,  bromine  and  iodine  acids  which  we  have  just  considered, 

is  nevertheless  a  powerful  oxidizer,  so  that  it  changes  the  hydrogen 

evolved  in  the  nascent  state  into  water,  and  therefore,  the  result  of 

this  action  would   be   that  the  nitric  acid   would   lose  oxygen,  as 

follows: 

1.     HN08  +  6H  =  4H2  0+2NO. 

In  order  to  produce  the  requisite  hydrogen,  the  following  reaction 
must  take  place: 

2.     3  Cu  +  6  H  NO3  =  3  Cu  (NO3),  +  6  H. 

So  that  (combining  1  and  2)  the  action  of  nitric  acid  on  copper 
could  be  represented  as  follows: 

3.     Cu  +  8  HNO3  =  3  Cu  (N03)2  +  2  NO  +  4  H2  O. 

Other  metals  as  well  as  copper,  and  reducing  agents  such  as 
sulphur  dioxide,  will  also  produce  nitric  oxide  from  nitric  acid. 
For  instance,  nitric  acid  oxidizes  dry  sulphur  dioxide  to  sulphuric 
acid,    while  at  the  same  time  nitric   oxide   is   produced.     When 
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nitric  acid  acts  in  this  way  the  oxidizing  action  is  always  produced 

follows : 

a.     2HN03  =  H20  +  2NO  +  30.  t    :i 


^i. 


iV 


I » 


So  that  two  formula-weights  of  nitric  acid  have  three  atoms  of 
oxygen  at  their  disposal,  they  can  therefore  oxidize  three  of  sulphur- 
dioxide  to  sulphuric  acid  as  follows: 

-  b.     3  SO2  +  3  Ha  O  +  3  O  =  3  H2  SO,. 

Combining  a  and  b,  we  have: 

c.     2  H  NO3  +  3  SO2  +  3  H2  O  =  3  H2  SO,  +  2  NO  +  H^  O. 

In  all  other  cases  where  nitric  oxide  is  produced  from  nitric  acid, 
the  reaction  takes  place  in  a  manner  similar  to  the  above. 

Nitric  oxide  is  a  colorless  gas,  which  instantly  turns  dark  brown  '5 

on  exposure  to  the  atmosphere,  nitrogen  trioxide  and  nitrogen  per-  ,^     i 

oxide  being  formed ;  as  a  consequence  there  can  be  no  experiment 

showing  whether  the  gas  is  tasteless  and  odorless  as  well  as  colorless.  ]\^' 

The  two  gases  produced  by  contact  of  nitric  oxide  with  the  air  are 
poisonous.  The  specific  gravity  of  nitric  oxide  is  1.04  when  air  is 
the  standard,  this  corresponds  to  a  density  of  29.9,  H  =  2,  or  to  a 
molecular  weight  of  30.  It  follows,  as  in  this  molecular  weight 
there  are  fourteen  parts  by  weight  of  nitrogen  and  sixteen  of  oxygen, 
that  the  formula  of  nitric  oxide  is  N  O.  The  gas  is  composed  of 
equal  volumes  of   nitrogen  and  oxygen,  just  as  hydrochloric  acid  j 

was  of  hydrogen  and  chlorine.  If  we  wish  to  consider  oxygen  as 
bivalent,  then  nitrogen  must  also  be  bivalent  in  this  compound. 
Thte  specific  gravity  of  nitric  oxide  does  not  change  even  at  a  tem- 
perature as  low  as  — 70°.  At  -:— 153.6°and  at  atmospheric  pressure, 
nitric  oxide  changes  to  a  colorless  liquid  which  solidifies  at  — 167°,  ; 

forming  a  snow-like  mass.     The  gas  is  very  stable;  it  can  be  heated  j 

to  1200°  without  alteration;  at  white  heat  it  is  completely  broken  j 

down  into  nitrogen  and  oxygen.     One  hundred  volumes  of  water  ,         i 

dissolve  about  five  volumes  of  nitric  oxide  at  ordinary  temperatures.  j 

Nitric  oxide  does  not  allow  substances  to  biirn  in  it  as  readily  as  i 

does  nitrous  oxide.  For  instance,  melted  phosphorous  does  not  take 
fire  in  the  gas  unless  it  is  burning  at  the  same  time;    in  the  latter  j 

event,  it  will  unite  with  the  oxygen  of  nitric  oxide  with  the  greatest 
energy.  On  the  other  hand,  sulphur,  a  burning  candle  or  burning 
hydrogen  are  extinguished  by  nitric  oxide.     A  mixture  of  carbon 
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disulphide  and  nitric  oxide  buroB  with  au  exceediogly  brilliant 
flame.  Metals  like  zinc  or  iron,  which  are  easily  oxidized,  will,  if 
moist,  readily  remove  a  part  of  the  oxygen  from  nitric  oxide  and  in 
that  way  produce  nitrous  oxide: 

2  NO  +  Fe  =  N,  O  +  Fe  O. 
Priestly  first  prepared  the  latter  gas  by  this  method.     ^ 

The  existence  of  gaseous  nitrous  anhydride,  N,  0„  is  doubtful, 
there  being  strong  reason  to  suppose  that  in  all  cases  where  chem- 
ists have  endeavored  to  obtain  pure  nitrous  anhydride  they  have 
only  succeeded  in  producing  a  mixture  of  nitric  oxide  (NO)  and 


uitrogcu  peroxide  (NOj),  «hich,  obviouslj,  would  contain  the  same 
proportion  of  nitrogen  and  oxygen  by  weight  as  would  Nj  O,. 
NO  +  NO,  =  N,  0, 
The  brown  gas  which  results  when  nitric  oxide  is  mixed  with  an 
excess  of  oxygen  is  nearly  pure  nitrogen  peroxide  (NO,)  but  that 
which  is  formed  by  mixing  nitric  oxide  with  an  amount  of  oxygen 
not  sufficient  to  produce  the  peroxide,  undoubtedly  consists  of  a 
mixture  of  nitrogen  dioxide  and  nitrogen  trioxide.  Both  of  these 
gases  are  easily  condensed  to  the  liquid  form,  in  which  state  nitrogen 
trioxide  apparently  can  exist.     Fluid  nitrogen  trioxide  is  an  indigo- 
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colored  liquid  which  is  formed  at  — 10°  and  which  boils  below  0°, 

giving  off  dark  brown  vapors  which  change,  in  part  at  least,  into 

nitric  oxide  and  nitrogen  peroxide. 

Nitrogen  peroxide  is  produced  when  nitric  oxide*  is  exposed  to 

the  atmosphere: 

NO  +  O  =  NO2, 

or  by  heating  the  nitrates  of  a  number  of  metals,  the  most  con- 
venient nitrate  for  this  purpose  being  that  of  lead.^^ 

Pb  (NO3X  =  Pb  O  +  2  NO2  +  O* 

The  gas  has  a  dark  brown  color  which  deepens  as  the  tempera- 
ture is  increased,  it  has  a  corroding  action,  giving  a  saffron  coloring 
to  the  skin  and  other  nitrogen-bearing  organic  compounds.  A 
moderate  cold  condenses  the  gas  to  a  yellow  liquid,  which  becomes 
lighter  in  color  the  lower  the  temperature  and  which  solidifies  at 
— 9°  to  — 15°  and  boils  at  about  22°.  Nitrogen  peroxide,  when  a 
gas  at  a  temperature  just  above  the  boiling  point  of  the  liquid,  has 
a  specific  gravity  which  indicates  that  its  molecule  has  the  formula 
Na  O4,  but  these  molecules,  as  the  temperature  increases,  begin  to 
break  down  into  those  having  the  composition  NO2,  so  that  the 
specific  gravity  of  this  substance  diminishes  until  140°  is  reached, 
when  the  dissociation  of  Nj  O4  into  NO2  is  complete;  at  600°  the 
gas  has  become  entirely  colorless  and  has  decomposed  into  nitric 
oxide  and  oxygen.  Nitrogen  peroxide  is  a  powerful  oxidizer;  car- 
bon and  strongly  heated  phosphorus  burn  in  it,  and  the  presence  of 
this  gas  dissolved  in  fuming  nitric  acid  probably  gives  rise  to  the 
powerful  oxidizing  action  of  the  latter  substance.  Nitrogen  per- 
oxide is  changed  into  nitric  acid  and  nitric  oxide  when  it  is  dissolved 
in  water,  so  that  the  same  tendency  to  form  the  acids  with  the 
greatest  possible  amount  of  oxygen,  which  we  saw  in  the  halogene 
and  sulphur  families,  is  once  more  observed  in  the  case  of  the  com- 
pounds under  discussion. 

*The  nitrate  of  lead  first,  undoubtedly,  breaks  down  into  lead  oxide  and  nitric 
anhydride. 

Just  as  nitric  acid  would  brealt  down  into  water  and  nitric  anhydride: 

2H(N08)  =  H8  0  +  N8  06. 
but  the  latter,  at  the  temperature  of  the  reaction,  forms  oxygen  and  nitrogen  peroxide^ 

N8  06=2N08+0. 

13 


194  A  TEXT-BOOK  OP 

Nitrogen  pentoxide  is  the  anhydride  of  nitric  acid  and  is  best 
prepared  by  removing  the  water  from  concentrated  nitric  acid  by 
means  of  phosphoric  anhydride :  ^ 


"1^' 


2 

H 


-{', 


OH 


NO2 
=       .>0  +  H,0 
NO2 


'2 
2  H  NO3  =     N3  O5  +  Ha  O. 

The  compound  is  a  crystalline  solid  which  melts  at  30°  and  boils  at 
45.5°,  while  at  the  same  time  it  is  partially  decomposed;  it  cannot 
be  kept  for  any  length  of  time  because  it  breaks  dovm  into  nitrogen 
peroxide  and  oxygen, 

N3  Og  =  2  NO2  +  O. 

Dangerous  explosions  may  be  the  result  of  this  decomposition  if  the 
pentoxide  has  been  kept  in  a  sealed  tube.  Nitric  anhydride  forms 
nitric  acid  when  added  to    water. 

Na  O5  +  H2  O  =  2  HNOs. 

Nitric  acid  has  been  known  ever  since  the  time  of  the  Arabian 
alchemists.  The  first  authentic  account  of  its  preparation  is  given 
by  Geber,  who,  in  the  ninth  century,  made  it  by  distilling  a  mixture 
of  saltpetre  (potassium  nitrate),  blue  vitriol  (copper  sulphate)  and 
alum  (aluminium  and  potassium  sulphate).  The  first  samples  of 
nitric  acid  were  undoubtedly  an  impure  article.  The  name  given  to 
it  was  aqua  dissolutiva  or  aqua  fortis,  while  a^ua  regia  was  used  to 
designate  a  mixture  of  nitric  and  hydrochloric  acids.  Nitric  acid,  or 
aquxL  fortis,  the  alchemists  discovered,  had  the  power  of  dissolving 
all  known  metals  with  the  exception  of  gold,  while  aqua  regia  would 
even  attack  this  so-called  noblest  of  all  metals — almost  nothing 
could  withstand  its  corrosive  action;  surely,  thought  they,  this  liquid 
must  be  closely  allied  to  the  **alcahest,'*  the  universal  solvent  which 
they  were  seeking.  At  the  beginning  of  the  eighteenth  century 
nitric  acid  was  extensively  made  by  the  action  of  sulphuric  acid  on 
nitre  (saltpetre);  to  this  method  of  preparation  it  owes  its  present 
name,  which  is  derived  from  spiritus  nitri,  Lavoisier  first  proved 
that  nitric  acid  contained  oxygen,  and  its  definite  composition  was 
ascertained  during  the  present  century. 
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Nitric  acid  can  be  produced  by  the  direct  union  of  nitrogen, 
oxygen  and  water.  Such  a  syntheBia  takes  place  when  electric 
sparka  are  passed  through  moist  aifj,.  In  all  probability  nitrogen  per- 
oxide, SOj,  is  at  first  generated,*  however,  the  latter,  when  in  con- 
tact with  water,  breaks  down  into  nitric  oxide  and  nitric  acid.  (See 
page  193).  Oxides  of  nitrogen  are  also  produced  during  combustion 
in  the  air;j"  these  oxides,  in  contact  with  moisture,  are  further  con- 
verted into  nitric  acid  and,  aa  ammonia  is  generally  present  in  the  air, 
this,  uniting  with  the  nitric  acid,  produces  ammouiura  nitrate,  so  that 


I  the  atmosphere.     Nitric  and  nitrous 


the  latter  aubstance  0 
a,cids  are,  however, 
much  more  readily 
formed  by  the  oxi- 
dation of  ammonia 
or  the  oxides  of 
nitrogen  than  by 
the  direct  union  of 
the  elements.  When 
organic  sub  stances 
which  contain  nitro- 
gen decay,  the  ni- 
trogen pasaes  off  as 
ammonia  which, 
with  the  acids  pre- 
sent in  the  air  and 
with    the    carbon  Figure  38. 

dioxide  formed  at  the  same  time,  produces  ammonium  carbonate, 
nitrate  and  nitrite  (page  165)  but  when  bases  are  present  in  the 
soil,  an  oxidation  of  the  nitrogen  takes  place  so  that  nitrates  are 

•  This  method  (or  the  preparation  of  aitrogen  dioxide  reminds  us  ot  the  similar 
one  used  in  forming  oione  {see  page  IB).  Nitrogen  and  oxygen  are  both  the  Brst 
members  ot  their  respective  families,  tbere  la  but  little  difference  between  their 
atomic  weights  and  hence  tbey  should  show  points  of  resemblance,  as  indeed  they 
do,  for  they  are  both  colorless  gases.  Ozone  can  be  considered  as  the  oilde  of  oiy- 
gen,  OO.;  It  then  corresponds  to  tbe  oxides  of  sulphur,  selenium  and  tellurium, 
SO,,  Se  O,  Te  O,.  To  the  manner  of  its  formation  and  in  Ita  formula  It  la  analt^oua 
to  nitrogen  peroxide.  NO, ;  furthermore,  being  an  endothermlc  compound,  It  has  a 
great  tendency  to  give  up  one  atom  of  oxygen,  00»  =  OO  +  O,  just  as  nitrogen 
peroxide  does,  NOj  =  NO  +  O. 

tThls  formation  takes  place  in  greatest  quantity  when  hydrogen  is  burned  In 
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produced  instead  of  these  ammonium  salts.  Calcium  nitrate  is 
therefore  frequently  found  on  the  walls  of  stables  and  cellars, 
while  in  the  neighborhood  of  East  Indian  villages,  where  the  sur- 
face soil  contains  potash,  potassium  nitrate  is  extensively  met  with; 
the  collecting  of  this  substance  forms  the  exclusive  occupation  of  a 
number  of  natives.  Large  deposits  of  sodium  nitrate  occur  in  the 
province  of  Tarapaca  in  the  northern  part  of  Chili,  this  sub- 
stance is  known  as  Chili  saltpetre  or  nitre;  its  presence  is  probably 
due  to  the  decay  of  marine  vegetation  which  flourished  on  what -is 
now  terra  firma,  during  the  period  when  a  portion  of  the  South 
American  coast  was  submerged.  This  supposition  is  sustained  by 
the  fact  that  sodium  chloride  and  salts  containing  bromine  and  iodine 
are  found  mixed  with  the  nitre. 

Nitric  acid  is  best  prepared  for  laboratory  use  by  the  addition  of 
sulphuric  acid  to  a  nitrate,  a  method  which  we  have  so  often 
employed  in  the  isolation  of  other  acids,  (see  page  148).  The  reac- 
tion takes  place  as  follows: 

Na  NO3  +  H2  SO,  =  Na  HSO,  +  HNO3, 

or,  if  comparatively  little  sulphuric  acid  is  used: 

2  Na  NO3  +  H2  SO,  =  Na,  SO,  +  2  HNO3, 

for,  when  an  excess  of  the  salt  is  present  the  secondary,  and  not  the 
primary  sulphate  results.     (See  page  149).^ 

Nitric  acid  is  a  colorless  liquid  which  has  probably  never  been 
prepared  entirely  free  from  water.  It  boils  at  86°  and  becomes  solid 
at — 47°,  if  it  contains  water  enough  to  have  a  specific  weight  of 
1.3  it  congeals  at  — 19°,  the  purest  acid  known  has  a  specific  gra- 
vity of  1.55,*  it  fumes  in  the  air  and  turns  yellow  when  exposed  to 
the  sunlight,  because  it  breaks  down  into  nitrogen  peroxide,  water 
and  oxygen.  The  same  change  takes  place  when  nitric  acid  h  dis- 
tilled, for  the  distillate  from  a  colorless,  pure  acid  is  colored  because 
of  decomposition.  This  behavior  reminds  us  forcibly  of  the  chlorine 
acids.  At  temperatures  just  above  the  boiling  point  of  nitric  acid 
the  specific  gravity  of  the  vapor  shows  that  but  little  decomposition 
has  taken  place,  for  the  molecular  weight  of  HNOs  would  be  63  and 
the  specific  gravity  of  the  vapor,  H  =  2,  is  59.3;  the  vapor  density 

*  The  pupil  must  remember  that  the  specific  gravities  of  liquids  and  solids  are  taken 
with  water  as  unity. 
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of  the  acid  diminishes  as  the  temperature  is  increased  until  at  250° 
it  is  36,  therefore,  at  that  temperature,  the  following  change  has 
taken  place; 

•    4  HNO,  ^  2  Hj  O  +  4  NO,  +  0^*. 

Considerable  heat  is  evolved  when  nitric  acid  is  dissolved  in  water, 
so  that  the  dilute  acid  possesses  less  chemical  energy  and  is  there- 
fore more  stable  than  the  concentrated  one.     It  is  doubtful  if  definite 


tered  with  sulphuric  acid,  are 


hydrated  acids,  such  as  were  e 
derived  from  nitric  acid,  cer- 
tainly the  heat  of  solution  of 
the  latterf  is  much  less  than 
that  of  the  former.  (See 
pages  141,  147). 

Nitric  acid  has  a  great 
tendency  to  give  up  its  oxy- 
gen when  brought  in  contact 
with  reducing  substances. 
Examples  of  this  oxidizing 
effect  we  have  seen  in  the 
preparation  of  sulphuric 
from  sulphurous  acid  ( page 
143)  and  in  the  formation  i 
of  nitric  oxide  from  copper 
and  nitric  acid  (page  190). 
Nitric  acid  will  attack  many 
organic  substances  in  the 
same  way,  for  it  oxidizes 
them,    while    at    the  same  fiqure  39. 

time  the  acid  itself  is  reduced;  when  the  substance  attacked  is 
like  starch  or  sugar,  the  oxides  Nj  Oj  and  NO^  are  the  main  pro- 
ducts.    The  organic  substance  is  often  completely  burned,  yet  in 

•II  a  volume  or  bydrogen  welghHSgrams  then  the  same  volume  ot  nitric  aoldwefgbs 
«3  grams,  4  volumes  of  nltrie  aold  would  tberefore  weigh  252  grama.  These  decompose 
Into  2  volumes  oJ  water  vapor,  weighing  M  grams,  4  of  nitrogen  peroxide  weighing  184 
grams  anl  l  of  oxygen  weighing  32  grama.  The  4  volumes  of  nilrlo  add  therefore  yield  I 
volumes  of  the  decomposition  products,  these  7  volumes  weigh  252  grams,  J  volume 
«<iual  to  that  of  2  grams  ol  hydrogen,  therefore  weighs  36  grains,  in  other  words,  provided 
thl9  deeompositlon  Ukea  place,  the  speclBc  gravity  of  the  miMd  gases  must  be  38,  IT 
H  ^  2.    (See  pages  G7  and  1B3). 

tTlK. 
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quite  a  number  of  cases  the  body  attacked  is  so  changed  that  tl' 
nitro-group,  NO2  (see  nitrosyl  sulphuric  acid,  page  144,  foot  notei.> 
substituted  for  hydrogen,  such  an  action  is  produced  when  m:r: 
acid  attacks  glycerine,  forming  nitro-glycerine.  Concentrate^, 
nitric  acid  violently  attacks  the  skin  and  mucous  membrane,  ik 
portion  with  which  it  has  come  in  contact  turns  yellow,  blisters  ai: 
finally  forms  an  ulcer;  if  the  acid  is  somewhat  dilute  the  je]l»^ 
color  will  appear  without  the  blistering;  it  also  attacks  silk  in  th- 
same  way,  turning  it  yellow  and,  if  the  acid  is  concentrated,  destror 
ing  it.  The  acid  attacks  vegetable  dyes,  so  that  clotli  upon  whid 
nitric  acid  has  accidentally  been  dropped  cannot  be  restored  to  i:* 
original  color  by  neutralization  with  ammonia  water. ^^ 

As  we  have  seen,  many  metals  dissolve  in  nitric  acid  to  form  th 
corresponding  nitrate,  a  reduction  product  being  produced  at  ttr 
same  time.  These  reactions  can  practically  be  classed  under  tw.> 
heads. 

a.  Those  in  which  ammonia  is  produced;  the  ammonia  at  oDce 
uniting  with  nitric  acid  to  form  ammonium  nitrate;  this  change 
takes  place  when  dilute  nitric  acid  is  added  to  zinc,  tin  or  to  sonif 
other  metals,  the  reaction  can  be  represented  in  three  stages,  a> 
follows : 

1.  8  HNO3  +  4  Zn  =  4  Zn(  N03)2  +  8  H,— formation  (•: 
hydrogen . 

2 .  HN08+  8  H  =  3  H2  O  +  NHg ;  NH8+  HNO3  =  J^H*  NO,,- 
reduction  of  nitric  acid  and  formation  of  ammonium  nitrate, 

3.  4  Zn  +  10  HNO3  =  4  Zn  (N03)2  +  NH,  NOa  +  3  H^  0,- 
complete  reaction. 

b.  Those  in  which  nitric  oxide  is  formed. 

3  Cu  +  8  HNOa  =  3  Cu  (N08)2  +  2  NO  +  4  H^  O.  (Page  190). 

These  two  classes  of  reactions,  however,  only  represent  what  most 
frequently  takes  place,  it  is  known,  for  instance,  that  when  ziDC 
acts  on  a  mixture  of  nitric  and  sulpuric  acids,  a  partially  oxidized 
ammonia  known  as  hydroxylamine,  NHg  OH,  results  and  when 
copper  is  dissolved  in  nitric  acid  alone,  nitrous  oxide  and  even  nitro- 
gen  are  given  off;  the  production  of  nitrous  oxide  increasing  with 
the  amount  of  copper  nitrate  present.     In  attempting  to  construi't 
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aquations  for  such  reactions  we  therefore  generally  represent  only  the 
principal  changes  which  take  place. 

The  reduction  of  nitric  acid  is  generally  attributed  to  the  action 
of  nascent  hydrogen,  and  certainly  the  experimental  proofs  all  seem 
to  indicate  that  this  theory  is  well  founded.     We  cannot  enter  into 
the  subject  very  deeply  in  this  text-book,*  but  the  following  facts 
may  not  be  out  of  place.     When  a  piece  of  magnesium  is  dissolved 
in  dilute  nitric  acid,  hydrogen  is  at  first  given  off;  the  production  of 
hydrogen,  however,  soon  ceases,  while  the  oxides  of  nitrogen  make 
their  appearance;  it  also  seems    very   probable  that  the  hydrogen 
which   has  been  occluded  by  palladium  (page  32)  passes  through 
nitric  acid  unchanged  until  that  hydrogen  which  is  supposed  to  he 
chemically  combined  with  the  palladium  begins  to  be  liberated ;  then 
the  evolution  of  hydrogen  stops  while  the  lower  oxides  of  nitrogen 
make  their  appearance.     Apparently,  then  hydrogen  which  is  just 
in  the  act  of  being  liberated  from  its  compounds  has  a  greater  chem- 
ical activity  than  has  ordinary  hydrogen,  so  that,  whether  we  regard 
this   hydrogen  as  acting  by  reason  of  its  existence  as  individual 
atoms  or  not,  there  is  no  reason  why  we  should  not  consider  the 
reduction  of  nitric  acid  by  dissolving  metals  therein  as  being  caused 
by  hydrogen.     The  equations  given  above  are  intended  to  illustrate 
this  conclusion. 

Nitric  acid  is  a  monobasic  acid,  it  has  in  its  formula  weight  but 
one  hydrogen  atom  which  can  be  replaced  by  metals.  The  nitrates 
are  all  decomposed  by  heat,  the  change  taking  place  in  one  of  three 
ways: 

a.  The  nitrate  is  entirely  decomposed,  as  is  ammonium  nitrate 
(page  188). 

/?.  The  nitrate  breaks  down  into  the  oxide  of  the  metal,  oxygen 
and  nitrogen  peroxide:  Pb  (N08)2  =  Pb  O  +  2  NOj  +  0>  (see 
page  193.)  If  the  oxide  of  the  metal  is  decomposed  by  heat,  of 
course  nothing  but  the  metal  remains. 

y.  The  nitrate  gives  off  oxygen,  leaving  the  nitrite.  This 
decomposition  is  confined  to  the  nitrates  of  very  pronounced  metals 
like  potassium  or  sodium. 

*  For  a  more  complete  account  of  nascent  reactions  the  pupil  can  refer  to  M.  M. 
Pattison  Muir,  "Principles  of  Chemistry." 
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In  these  decompositions  uitrates  differ  from  chlorates,  for  when 
the  latter  are  heated  the  pereklorates  are  quite  often  produced,  the 
reason  is  obvious,  nitrogen  cannot  take  up  more  oxygen  than  is 
necessary  to  form^the  oxide  N,  0„  which  is  the  anhydride  of  nitric 
acid  (page  194),  so  that  no  pemitrates  can  be  formed. 

The  existence'of  nitroue  acid  ie  doubtful,  although  the  nitrites 
are  stable  and  well  characterized  compounds.  When  an  acid  is 
added  to  a  nitrite,  the  nitrous  acid  which  is  formed  at  once  breaks 
down  into  its  anhydride  and  water  and  the  anhydride  is  further 
decomposed,  so  that  NO,  and  NO  are  produced.  By  passing  impure 
nitrogen]  trioiide,  (formed  by  the  reduction  of  nitric  acid)  into  ice- 


cold  water,  a  blue  liquid,  which  possibly  is  nitrous  acid,  is  produced, 
but  the  slightest  increase  in  temperature  causes  the  latter  to  change 
into  nitric  acid  and  nitric  oxide. 

We  have  already  studied  the  manner  in  which  nitrites  are 
formed  by  heating  nitrates,  so  nothing  more  need  be  added  except- 
ing the  statement  that  many  nitrites  can  best  be  prepared  from 
potassium  nitrite  by  double  decomposition  (page  56),  while  that 
salt  is  produced  by  heating  nitrate  of  potassium  with  lead. 

The  hyponitrites  and  hyponitrous  acid  alone  remain  for  dis- 
cussion. 
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The  hyponitrite  of  potassium  cau  be  prepared  by  reduciDg  nitrate 
■of  potassium  with  sodium  amalgam  (Ref.  32  of  Appendix),  the 
latter  in  contact  with  water  forms  sodium  hydroxide  and  hydrogen, 
iv^hile  hydrogen  in  the  nascent  state  robs  the  potassium  nitrate  of 
its  oxygen: 

K  NOa  +  4  H  =  K  NO  +  2  H2  O. 

The  hyponitrite  of  silver,  which  is  insoluble  in  water,  can  be  pre- 
pared by  adding  silver  nitrate  to  potassium  hyponitrite, 

Ag  NO3  +  K  NO  =  K  NOa  +  Ag  NO, 

and  the  free  acid  can  be  formed  from  the  latter  by  the  addition  of 
hydrochloric  acid, 

Ag  NO  +  H  CI  =  Ag  CI  +  H  NO  * 

Hyponitrous  acid  exists  only  in  very  dilute  solutions,  when  warmed 
or  when  allowed  to  stand,  it  decomposes,  yielding  nitrous  oxide 
(its  anhydride)  and  water 

2  H  NO  =  H2  O  +  N2  O. 

The  acid  is  of  no  practical  importance. 

In  the  following  table  the  nitrogen  compounds  are  compared 
with  those  of  chlorine : 


OXIDES. 

ACIDS. 

NAMES. 

OXIDES. 

ACIDS. 

NAMES. 

C1«0 

CljOs 

(CU  07jt 

HO    CI 
HO«Cl 
HOsCI 
HO4CI 

Hypochlorous  acid 
Chlorous            " 
Chloric 
Perchloric         •' 

NjO 
NgOs 

HO    N± 
HOs  Nj 
HOaN 

Hyponitrous  acid 

Nitrous 

Nitric 

t  Oxides  Gig  O5,  CIs  Oj  do  not  exist,  the  corresponding  acids  HOs  CI,  HO4  CI,  do. 

t  Hyponitrous  acid  breaiss  down  into  its  anhydride,  Ng  O,  and  water,  but  cannot  be 
formed  by  dissolving  N£  O  in  water. 

g  Nitrous  acid  is  only  stable  in  very  cold  water.  The  existence  of  the  anhydride 
Ns  Os  is  doubtful. 

The  salts  of  these  acids  are  much  more  stable  than  the  acids  themselves.  AH  of  the 
acids  are  powerful  oxidizers,  all  of  the  oxides  are  unstable.  Those  of  chlorine  are 
•explosive,  those  of  nitrogen  support  conbustion. 

CI  O2  and  NOs  are  not  the  anhydrides  of  acids.  The  former  on  addition  of  water 
forms  chlorie  and  chlorous  acids.  CI  Og  +  Hg  O  =  HCI  Os  +  H  01  Os.  the  latter  nitric 
:acid  and  nitric  oxide,  3  N08+H80  =  2HN08+  NO.  At  low  temperatures  NOg 
l)ecomes  Nt  O4  and  probably  CI  Og  becomes  CIs  O4. 

The  acids  are  all  unibasic. 


*  Silver  chloride  is  insoluble  in  water. 
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The  heats  of  formation  of  the  oxides  of  nitrogen,  as  far  as  they 
have  been  ascertained,  are  given  in  the  following  table: 


Nb  0 

—181  K 

N     O 

—216  K 

N     0« 

—  77  K 

Ng  06 

131  K 

HNOg 
HNO, 


308  K* 
491  K* 


Nitric  oxide  should  be  less  stable  than  nitrous  oxide, 
as  a  consequence  NO  is  changed  to  Ns  O  by  moist  iron 
filings,  zinc  dust  etc..  NOais  more  stable  than  NO. and 
is  produced  therefrom  readily  by  the  addition  of  oxygen. 
The  higher  oxides  are  more  stable  than  those  with  less 
oxygen,  N*  O5  is  an  exothermic  compound;  it  is  a  crys- 
talline solid  which  can  easily  be  formed  from  nitric 
acid  by  extracting  water. 


Nitric  acid  has  a  greater  heat  of  formation  than  has 
nitrous  acid;  it  is  therefore  the  acid  of  oxygen  and  nit- 
rogen which  is  most  easily  formed.  The  same  rule  is 
observed  in  the  halogene  and  oxygen  families,  where 
those  acids  which  contained  the  most  oxygen  are  the 
most  stable. 


*  Acids  in  solution. 
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PHOSPHORUS  AND  PHOSPHINE. 

Phosphorus  J  symbol  P,  atomic  weight  31,  specific  gravity  of  yellovr 
phosphorus  1,83,  of  red  phosphorus  2,1,  Specific  gravity  of  vapor, 
air  =.  1  is  4,16,  H  =:  2  is  119,80  ;  molecular  weight  124,  molecule 
P^,  Phosphine,  formula  PH^,  specific  weight,  air  =  1  is  1,176, 
H  ^=2  is  33,86  ;  molecular  weight  34,  1  c.  c,  of  the  gas  at  0°  and 
,76  M  weighs  ,0015276  grams. 

Phosphorus  never  occurs  as  such  in  nature,  indeed,  such  a  pos^ 
sibility  is  precluded  by  the  chemical  nature  of  the  element,  as  an 
example  of  which  we  have  but  to  recall  the  energy  with  which  it 
burns  in  oxygen.  The  compounds  of  phosphorus  which  are  most 
frequently  found  are: 

Apatite,  a  combination-  of  calcium  phosphate  and  calcium  chloride  (or  fluoride)^ 

Cas  (P04)g.CaCl8, 

Phosphorite,  calcium  phosphate,  Caj  (P04)2,  ^ 

Vivianite,  ferrous  phosphate,  Fes  (P04)8  +  8  HaO,  as  well  as  phosphates  of^alumi> 
num  and  lead. 

Phosphates  are  always  present  in  the  soil;  they  are  essential  to 
the  growth  of  plants  and  are  taken  up  by  the  roots,  so  that  plant 
ashes,  especially  those  of  the  cereals,  often  .contain  large  quantities 
of  the  phosphates  of  calcium  and  magnesium ;  the  later  find  their  way 
into  the  animal  organism  where  calcium  phosphate  forms  a  large 
part  of  the  bones,  the  waste  products  are  returned  to  the  soil  in  the 
solid  excrements  and  in  the  urine,  so  that,  as  manure,  they  are  once 
more  brought  into  the  proper  condition  to  play  their  part  in  plant 
growth.  These  changes  taking  place  with  phosphoric  acid  remind 
us  forcibly  of  the  similar  ones  encountered  with  carbon  dioxide  and 
ammonia,  none  of  these  necessary  substances  are  the  permanent 
property  of  any  one  organism,  they  are  simply  borrowed  for  a  time,, 
and  must  be  returned  to  the  place  from  which  they  came. 

Phosphorus  was  discovered  by  a  Hamburg  alchemist  named 
Brand,  who  accidentally  prepared  the  element  while  searching  for 
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the  philosopher's  stone.  Subsequently  Kunkel  published  an  account 
describing  a  method  of  obtaining  the  substance,  but  until  the  middle 
of  the  last  century  the  supply  was  so  small  that  phosphorus  was  a  very 
expensive  article ;  it  was  exclusively  prepared  from  decaying  urine  and 
the  price  in  England  was  ten  ducats  an  ounce.  At  a  later  date  a 
method  was  discovered  by  which  phosphorus  could  be  obtained  from 
the  calcium  phosphate  procured  either  from  the  mineral  phosphorite 
or  from  bones,  but  even  then  it  was  mainly  kept  as  a  curiosity  until 
the  introdhction  of  matches  rendered  its  cheap  production  necessary. 
At  the  present  time  phosphorus  is  prepared  from  bones  by  first 
burning  the  latter  in  order  to  destroy  the  organic  matter  contained 
in  them,  the  calcium  phosphate  is  then  changed  to  the  primary 
phosphate  of  calcium  (Ca  (Hg  P04)2)  by  means  of  sulphuric  acid. 
Primary  phosphates  are  soluble  in  water,  so  that  a  solution  can  be 
formed  which  is  further  evaporated  and  heated,  by  which  means  the 
primary  phosphate  of  calcium  loses  water  and  is  converted  into 
calcium  metaphosphate  (Ca  (P03)2);  and  the  latter  substance,  when 
heated  with  charcoal  and  sand,  yields  phosphorus. 

Phosphorus  exists  in  two  allotropic  forms,*  the  most  common  of 
which  is  a  slightly  yellow,  wax-like  solid  which  becomes  brittle 
when  cold  and  which  is  readily  soluble  in  carbon  bisulphide;  it 
melts  at  44°  and  boils  at  290°,  forming  a  colorless  vapor  which  has 
a  specific  gravity  of  4.16  at  red  heat.  This,  with  hydrogen  as  two, 
gives  119.8,  while  the  molecular  weight  of  P^  would  be  124.  The 
observed  specific  gravity  is  therefore  somewhat  less  than  the  molecu- 
lar weight  124,  a  fact  which  probably  finds  its  explanation  in  the 
decomposition  of  some  of  these  complex  molecules  into  simpler  ones. 
At  white  heat  the  specific  gravity  of  phosphorus  vapor  has  diminished 
to  3.0,  so  that  at  this  temperature  nearly  all  of  the  P^  molecules 
have  dissociated  into  those  having  the  composition  Pj. 

When  a  solution  of  ordinary  phosphorus  in  carbon  bisulphide  is 
exposed  to  the  sunlight,  the  other,  insoluble,  red,  amorphous  modifi- 
cation of  the  element  gradually  separates.  This  change  can  be 
accomplished  more  quickly  and  effectually  by  heating  phosphorus  to 
about  300°  in  a  closed  vessel  ;^  the  same  transformation  also  occurs 
through  the  influence  of  electricity.     Amorphous  phosphorus  is  a 

*A  form  of  phosphorus  resembling  flowers  of  sulphur  has  been  prepared  by 
rapidly  cooling  phosphorus  vapors.   This  may  be  a  third  allotropic  form  of  phosphorus. 
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dark  red  substance,  which  is  generally  produced  in  the  form  of  a 
powder  the  specific  gravity  of  which  is  2.1.  When  heated  to 
261°  under  atmospheric  pressure  in  hydrogen  or  carbon  dioxide^ 
amorphous  phosphorus  is  changed  back  to  the  yellow  variety;  the 
kindling  temperature  of  the  former  about  coincides  with  this  point. 
The  transformation  of  the  element  from  its  ordinary  crystalline 
form  into  the  amorphous  one  is  only  accomplished  when  the  phos^ 
phorus  is  under  a  pressure  of  several  atmospheres  and  at  a  higher 
temperature. 

Red  phosphorus  is  perfectly  insoluble  in  carbon  bisulphide,  ether 
and  similar  substances  by  which  the  other  allotropic  form  is  readily 
dissolved.  It  can  be  exposed  to  the  atmosphere  for  any  length  of 
time  without  change,  while  the  other  variety  will  absorb  oxygen^ 
melt  and,  under  proper  conditions,  may  take  fire  spontaneously. 
Yellow  phosphorus,  when  placed  in  warm,  moist  air  and  in  the  dark^ 
emits  a  pale  white  light*  which  is  in  part  due  to  the  slow  oxidation 
of  the  element,  t 

Yellow  phosphorus  is  an  intense  poison,  even  small  doses  cause 
local  inflammations  in  various  organs  of  the  body  and  have  a  secon- 
dary efPect  on  the  nervous  system.  The  serious  symptoms  caused  by 
poisoning  with  phosphorus  only  become  apparent  some  hours  after 
taking,  they  manifest  themselves  by  intense  pain  in  the  gastric 
region,  finally  extending  throughout  the  entire  abdomen;  the 
vomit  will  contain  phosphorus,  have  a  peculiarly  garlic-like  odor  and 
will  be  luminous  in  the  dark,  the  patient  is  restless,  fearful  and 
trembling.  The  post-mortem  examination  reveals  inflammation 
of  the  mucous  membrane  of  the  stomach,  accompanied  by  fatty 
degeneration  of  the  liver,  kidney  and  heart.  Fatal  doses  are 
from  .2  to  .5  grams.  Cases  of  phosphorus  poisoning  are  not 
uncommon,  as  phosphorus  mixed  in  a  dough  made  of  cold  water 
and  flour  is  frequently  used  as  a  rat- poison,  this  has  especially 
been  the  case  since  the  element  has  become  quite  cheap  by  reason 
of  its  use  in  the  manufacture  of  matches,  the  heads  of  a  number 
of  varieties  of  which  are  made  of  a  mixture  of  gum  arabic  and 
phosphorus. 

*  So  called  phosphorescence. 

tThat  this  is  not  entirely  so  is  proven  by  the  fact  that  phosporus  is  not  lumin- 
ous in  dry  oxygen  below  20"  O,  or  in  that  ksls  under  pressure. 
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Yellow  i^/^fhf/n»  u  ^vluble  in  carbc«n  bko]^)iiide.  cfiier  and 
^mherhl  ouk.  h  k  ilmAiUj*:  in  aioc'LoI  and  vxus-.  bnt  Tolaiije  in  the 
rapor^  of  tLe  \aixer,  Wb^s  ^lowlj  oxidized  in  nioist  air  ii  changes 
to  pboi5pb</r>>u£  acid: 

2P^30  =  P,0„ 
P,0,-r3H,0  =  2PO,H,. 

tbiJ^  iA^aoi^  hi  ^upprnt^  to  be  the  canse  of  tbe  pbo&piioregraice  of 
thf;  ^krneot.  When  burned,  both  jellow  and  red  phoephmns  yield 
pbo^'phoniii  protoxide,  which  can  further  nnite  with  water  to  form 
phoifpboric  acid, 

2P  +  50=P,Oi, 

PjOj  +  3  H,0  =  2  PO,  H,. 

The  element  will  combine  with  chlorine,  bromine  or  anr  of  the 
balogenai,  jtint  sm  it  will  with  oxygen.  (See  page  61 1.  Both  of  the 
oxides  of  pb^>t$phoruj$  are  anhydrides  and  all  of  the  halogene  com- 
IHftindM  are  dec^^rajio^ed  by  water.     (See  pages  77,  81). 

FhfmphoruH  forma  three  compounds  with  hydrogen,  PE^,  phos- 
phine,  p2  H4  liquid  hydrogen  phosphide  and  P^  H,,  solid  hydrogen 
ph'>«phide. 

Ph'^Mpbine  in  a  fe/dn  which  bears  the  same  resemblance  to  ammonia 
that  hydrogen  Mulphide  does  to  water.  As  ammonia  was  formed  with 
difficulty  by  the  direct  union  of  nitrogen  and  hydrogen,  we  would 
Mcarcely  ex[>ect  phosphine  to  be  produced  in  a  similar  way,  and  yet 
the  c^iHi pound  mtemH  to  lie  readily  procured  as  a  result  of  the  action 
of  nim'Atnt  hydrogen  upon  phosphorus.*  This  unexpected  result  is 
poKKJbly  due  to  the  fact  that  the  breaking  stress  of  the  molecules  of 
phoMphoruH  iH  lens  than  the  same  for  those  of  nitrogen.  The  best 
UMtthod  of  preparing  phoHphine  for  laboratory  use  is  by  decomposing 
calcium  phoHphidc  with  water  or  dilute  acids.  The  formula  of 
calrfium  phoKpiiide  has  not  been  definitely  ascertained,  but  we  can 
compare  thin  rem;! ion  with  similar  ones  in  which  hydrochloric  acid 
or  hydro^(;n  niilphide  have  been  produced  by  the  action  of  an  acid 
upon  a  chloride  or  a  Hulphide.      Another  way,  which  has  less  to 

*  lly  Ml  rowing  Mrnull  ptocoH  of  phoHphorus  into  a  flasK  in  which  zinc  and  dilute 
Muliihurli'  iiuld  or  (In  anil  Nulpiiuric  ucid  are  generating  hydrogen,  the  temperature 
Ih^IiiK  about  70\  ('(iriipan«  J.  HroHulur,  Berlc>ite  der  Deutschen  Gbemischen  Gesell- 
Mliuft,  im,m,7. 
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recommend  it,  but  which  is  more  frequently  used,  is  by  heating  small 
piecea  of  phosphorus  in  a  solution  of  potassium  hydroxide,*'* 
The  gas  formed  by  either  of  these  methods  is  a  mixture  of  PHj 
and  Pj  H„  (unless  concentrated  hydrochloric  acid  was  used  to  decom- 
pose the  calcium  phosphide).  This  mixture  spontaneously  takes  fire 
in  the  air,  while  pure  phosphine,  PHj,  does  not  possess  this  property. 
The  spontaneously  inflammable  gas  can  be  altered  in  this  respect  by 
passing  it  through  a  tube  cooled  with  snow  and  salt,  for  by  this 
means  the  liquid  hydrogen  phosphide  is  condensed,  while  the  phos- 
phine passes  on,  to  be  used  as  occasion  i 


Phosphine  is  a  colorless  gas  with  an  intensely  disagreeable,  garlic- 
likeodor.  Its  specific  gravity,  air=l,  is  1.176,  which,  H~2, is  33.86. 
The  molecular  weight  of  PHj  is  therefore  34.021,  for  analysis  has 
proven  that  in  phosphine  there  are  31  pdrts  of  phosphorus  and  3.021 
of  hydrogen  by  weight.     It  follows  that  31  represents  the  maximum 

*  Tbe  raactlon  Ls  said  to  Cake  place  as  toUovs: 

3K0H  +*P  +  3H,0  =  3KHi  PC,  +  PH.. 
TbeprlmarybypopbospblMof  potassium  (KPO  +  Bt  O)  would  tbua  be  formed.  Tbe 
phospblne  generated  alwaya  contains  hydrogen  so  that  Ita  formation  U  probably 
due  U)  tbat  element  acting  Id  the  nascent  state. 
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value  for  the  atomic  weight  of  phosphorus,  for,  as  the  molecular 
weight  of  phosphine  is  known,  we  cannot  imagine  any  atomic  weight 
for  phosphorus  greater  than  this  number  without  believing  that  we 
have  a  fraction  of  an  atom  of  that  element  in  PHs-  When  phos- 
phine  is  heated,  or  when  electric  sparks  are  passed  through  it,  the 
gas  breaks  down  into  phosphorus  and  hydrogen;  in  this  case  two 
volumes  of  hydrogen  phosphide  yield  three  of  hydrogen,  the 
phosphorus,  being  solid,  when  separated  exerts  no  influence  on  the 
volume  of  the  gas  as  a  whole.     (Compare  pages  94  and  134). 

H 

j;       =  I        -f-  phosphorus. 

H 

From  this  equation  it  is  evident  that  two  molecules  of  phosphine 
produce  three  of  hydrogen,  but  the  terms  '* volume"  and  ''mole- 
cule "  can  be  used  interchangeably,  as  we  saw  on  page  67. 

Phosphine  can  be  mixed  with  pure  oxygen  without  taking  fire, 
but  if  the  pressure  is  suddenly  diminished  the  gases  will  explode. 
In  the  air  the  kindling  temperature  is  149°,*  the  products  of  the 
combustion  are  phosphoric  anhydride  and  water: 

2  PHa  +  8  O  =  P2  O5  +  3  H2  O, 

but  these  two  substances  naturally  combine  to  form  phosphoric  acid: 

P2  O5  +  3  K,  O  =  2  Ha  PO,. 

Of  course  chlorine,  bromine  or  iodine  would  act  on  phosphine  in 
exactly  the  same  way,t  the  products  being  the  respective  halhydric 
acids  and  the  corresponding  halogene  compounds  of  phosphorus: 

PH3  +  6  CI  =  P  Cla  +  3  H  CI. 

So  readily  is  phosphine  decomposed  that  even  sulphur,  when  placed 
in  contact  with  that  substance,  changes  it  to  the  sulphide  of  phos- 
phorus and  hydrogen  sulphide,  so  that  here  we  have  an  instance 
in  which  sulphur  causes  changes  similar  to  those  produced  by  oxygen 

*  The  friction  of  the  glass-stopper  in  the  neck  of  a  bottle  filled  with  phosphine 
may  be  sufficient  to  Ignite  the  gas. 

t  Chlorine  and  phosphine,  when  mixed,  explode  very  violently. 
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and  the  halogenes.  It  need  scarcely  be  added  that  concentrated 
sulphuric  or  nitric  acid  will  decompose  phosphine  just  as  they  would 
hydrobromic  acid,  hydoiodic  acid  or  sulphuretted  hydrogen.  When 
pliosphine  is  passed  into  solutions  of  metallic  salts  it,  in  many  cases, 
produces  the  corresponding  phosjphides  of  the  metals  (compare 
sulphuretted  hydrogen,  page  95).  Phosphine  is  sparingly  soluble 
in  water,  and  is  very  poisonous,  so  that  all  operations  in  which  it  is 
generated  must  be  conducted  either  in  the  open  air  or  under  a  hood 
with  a  strong  draught.  The  gas  changes  to  a  liquid  at  — 85°  and 
becomes  solid  at  — 133°. 

Phosphine  can  unite  with  the  halhydric  acids  to  form  phosphon^ 
ium  compounds  exactly  as  ammonia  does  in  the  production  of 
ammonium  salts,  the  group  PH4  being  called  phosphonium  for  the 
same  reason  that  NH4  is  ammonium. 

PHj  +  HI  =  PH4 1,  phosphonium  iodide, 
NHj  +  HI  =  NH4 1,  ammonium  iodide. 

As  phosphine  is  readily  oxidized  and  is  much  less  basic  in  its 
character  than  is  ammonia*  it  will  not  unite  with  acids  containing 
oxygen,  in  this  respect  it  differs  from  ammonia.  The  phosphonium 
compounds  are  readily  decomposed  by  water  or  by  alkalis. 

PH,  I  +  Ha  O  =  PHs  +  HI  +  Ha  O, 
PH4 1  +  KOH  =  PH,  +  KI  +  Ha  O, 

the  latter  reaction  being  exactly  like  those  observed  with  ammonium 
salts: 

NH,  I  +  KOH  =  NH3  +  KI  +  Ha  O. 

It  follows  that  phosphonium  salts  cannot  be  formed  where  water  is 
present. 

The  compound  Pa  H4  is  a  liquid  at  ordinary  temperatures.  It  is 
formed,  as  was  stated  above,  by  cooling  the  mixture  of  gases  obtained 
by  one  of  the  ordinary  methods  in  use  for  the  production  of  phos- 
phine. It  is  a  colorless,  highly  refractive  liquid  which  boils  at 
about  35°,  and  which  takes  fire  spontaneously  when  exposed  to  the  air. 
The  determination  of  the  specific  gravity  of  the  vapor  shows  it  to  have 
a  molecular  weight  of  66,  its  formula  is  therefore  PHa  —  PHg; 
the  analogous   compound   of   nitrogen  is  hydrazine,  NHa  —  NHa, 

♦  See  page  172. 
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but,  unlike  the  latter,  liquid  hydrogen  phosphide  is  not  basic  and 
can  therefore  form  no  salts.  This  fact  is  not  surprising  if  the  same 
diminution  of  basic  properties  takes  place  with  the  hydrogen  com- 
pounds of  phosphorus  as  was  observed  in  the  case  of  the  similar  ones 
containing  nitrogen.     (Page  146,  foot  note). 

The  solid  compound  P4  Hj  is  formed  by  treating  phosphine  with 
chlorine  which  has  been  highly  diluted  with  carbon  dioxide  by 
which  means  a  part  of  the  hydrogen  of  phosphine  is  removed.  It 
is  a  yellow  powder  which,  when  dry,  can  be  heated  as  high  as  150® 
without  taking  fire. 

The  following  table  shows  the  relationship  between  the  com- 
pounds just  discussed  and  the  corresponding  ones  containing 
nitrogen : 


NHst  ammonia, 
Ns  H4,  hydrazine, 

Ns  H,  azoimide, 


PHs  Phosphine. 

P2  H4  liquid  by  Hydro- 
gen Phosphide. 

P4  Ha  solid  Hydrogen 
Phosphide. 


NUs  +  HX  =  NH4  X.  Ammonium  salts. 
PHs  +HX=PH4X,Phosphoniumsalt8. 

Phosphonium  fluoride  has  not,  as  yet, 
been  prepared,  with  this  exception  X 
represents  any  halogene. 


The  compounds  of  nitrogen  are  all  gases,  they  are  not  spontaneously  inflamm- 
able, while  those  of  phosphorus  are  either  gaseous,  liquid  or  solid  and  burn  with  the 
gre&t&Bt  ease. 
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CHAPTER  XXIX. 


THE  compou:n^ds  of  phosphorus  with  the  halo- 
genes  AND  WITH  OXYGEN  AND  THE 

HALOGENES. 

As  the  atomic  weights  in  this  family  increase,  an  increasing 
stability  of  the  compounds  formed  with  the  halogenes  is  observed. 
Those  of  nitrogen  are  very  explosive  substances,  but  in  the  case  of 
the  element  under  consideration  a  number  of  quite  stable  chlorides, 
bromides  and  iodides  have  been  accurately  studied,  indeed,  some  of 
these  can  be  classed  among  our  most  important  laboratory  reagents. 
They  are  given  in  the  following  table : 

Fluorides.  Chlorides.  Bromides.  Iodides. 

PFs,  phosphor  us  trifluoride,       P  CI  s,  trichloride,    PBrs.tribromide,      Pl8*triodlde 

P Fs* phosphorus  pentaflu-         PCls,  pentachlo-     PBrs.pentahro-  

oride,  '  ride,  mide, 

An  iodide  of  Phosphorus  Pg  I4*  phosphorus  di-iodide,  exists. 

The  above  compounds  are  all  substances  which,  being  the  halo- 
gene  compounds  of  a  not  metal,  are  readily  decomposed  by  water  to 
form  the  corresponding  acid  of  phosphorus  together  with  the 
hydrogen  compound  of  the  halogene  which  was  used.  We  have 
seen  that  this  instability  in  the  presence  of  water  *  has  been  made 
use  of  in  the  preparation  of  hydrobromic  and  hydroiodic  acids. 
(Pages  77  and  81.) 

The  character  of  the  trihalogene  compounds  changes  somewhat 
with  the  nature  of  the  halogene,  the  boiling  point  increases  with  the 
increase  of  the  atomic  weight  just  as  it  does  in  the  case  of  the  free 
elements,  while  the  readiness  with  which  these  substances  are  decom- 
posed is  also,  apparently,  greater  in  the  bromide  and  iodide  than  it 
is  in  the  fluoride  and  chloride. 

P  Fs  is  a  gas,  liquid  at— 10<>  under  a  pressure  of  40  atmospheres. 
PCls  is  a  liquid  which  boils  at  74*  heat  of  formation  755  K. 
P  Brs  is  a  liquid  which  boils  at  175'  heat  of  formation  448  K. 
P  Is  is  a  solid  which  melts  at  56*  and  is  decomposed  by  boiling. 
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PFs*  specific  gravity  of  vapor,  air=sl  is  3.02  which  H =2  is  87  the  molecular 
weight  is  88. 

P  Cls,  specific  gravity  of  vapor,  air  » i  is  4.8  which  H  »  2  is  138  the  molecular 
weight  is  137.5. 

P  Brs,  specific  gravity  of  vapor,  air  =  l  is  9.7050  which  H  =  2  is  270.5  the  molecular 
weight  is  271. 

Prom  these  determinatioDS  of  the  specific  gravity  of  the  vapors  it 
is  evident  that  the  general  formula  of  all  of  the  trihalogene  phos- 
phides is  PXg  and  that  phosphorus  is  trivalent  in  these  compounds 
just  as  it  is  in  phosphine  or  just  as  nitrogen  is  in  ammonia.  The 
trihalogene  phosphides  are  all  formed  by  treating  phosphorus  with 
an  amount  of  halogene  insufficient  to  produce  the  compounds  PXj* 
and  when  they  are  decomposed  by  water  they  break  down  as  follows: 

X  +  HOH  nC^H 

X  +  HOH     =         P  ^  OH  +  3  H  X, 

X  +  HOH  ^    (oh 

so  that  phosphorous  acid  results  in  all  cases. 

Phosphorus  is  unsaturated  in  the  trihalogene  compounds  and  is 
therefore  capable  of  a  further  addition  to  form  pentahaloids,  the 
valence  of  the  element  increasing  from  three  to  five: 

P  Xg  +  2  X  =  P  X,. 

P  Fs  is  a  gas  which  liquifies  at  16%  46  atmospheres  pressure. 
P  CI5  is  a  solid  that  boils  at  about  160°. 

P  Brs  is  a  solid  which  decomposes  into  bromine  and  phosphorus  tribromide 
at  100'. 

These  compounds,  when  added  to  water,  yield  phosphoric  acid, 


P 


rX  +  HOH       f  — O— H 
X  +  HOH     n   — O— H 


X 
X 


HOH  =  y{   — O— H  +  5  HX. 
HOH     1   — O— H 
X  +  HOH       1^  — O— H 

From  the  above  equation  we  would  expect  the  production  of  normal 
phosphoric  acid,  but,  as  we  have  already  seen,  the  normal  acids  have 
the  greatest  tendency  to  separate  water,  by  this  means  yielding  more 
stable  compounds  (pages  126  and  127)  so  that  P  (O  H)5  breaks  down 
to  form  ordinary  phosphoric  acid: 

P(OH)3  =  PO,H3  +  H2  0. 

The  difference  between  the  tri  and  pentacbloride  of  phosphorus 
lies  in  the  different  amounts  of  chlorine  contained  in  each;  in  the 

*  Excepting  the  trifluoride  which  is  formed  by  a  somewhat  complicated  process. 
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one  phosphorus  is  trivalent,  in  the  other  it  is  quinquivalent,  the  one 
yields  phosphorous  acid,  the  other  phosphoric  acid  by  the  addition  of 
water,  so  that  plainly  the  same  difference  in  the  valence  of  phos- 
phorus exists  in  the  acids  as  was  found  in  the  chlorides.  Com- 
pounds containing  both  bromine  and  chlorine  can  be  formed  by 
adding  bromine  to  the  trichloride  or  chlorine  to  the  tribromide  of 
phosphorus.  Under  proper  conditions  a  portion  of  the  chlorine  or 
bromine  in  the  pentachloride  or  bromide  of  phosphorus  can  be  re- 
placed by  oxygen;  the  result  is  an  oxychloride  or  bromide  of 
phosphorus  with  a  chemical  character  analogous  to  the  similar 
sulphur  compounds  discussed  on  page  152. 

P  O  Cls— phospliorus  oxychloride,  liquid,  bolls  at  110*. 

PO  Bra— phosphorus  oxybromlde,  solid,  melts  at  65°  and  bolls  at  193*. 

These  substances  are  produced  by  adding  a  small  amount  of 
water  to  the  pentachloride  or  bromide  of  phosphorus: 

PXs  +  Ha  O  =  POXa  4-  2  HX. 

In  effecting  this  change  one  atom  of  oxygen  has  taken  the  place 
of  two  atoms  of  chlorine  or  bromine,  so  that  the  constitution  of  these 
compounds  is  as  follows: 


Phosphorus  oxychloride  or  bromide  are  converted  into  ordinary 
phosphoric  acid  by  the  addition  of  water,  therefore  the  latter  com- 
pound contains  three  hydroxy le  groups  and  is  formed  as  follows: 

=  0  r=o 


p 


Cl  +  HOH    _   nJ— ^H   ,    ^xyp, 
Cl  +  HOH    -   fi_OH  +  ^^^^ 


-Cl  +  HOH  t— OH 

All  of  the  halogene  compounds  of  phosphorus  fume  in  the  air, 
because  moisture  decomposes  them  while  liberating  hydrogen  chloride, 
bromide  or  iodide.  Phosphorus  oxychloride  and  oxybromide  have 
an  indescribably  unpleasant  smell  and  all  work  with  these  substances, 
as  well  as  with  the  pentahalogene  compounds  must  be  so  conducted 
that  the  vapors  cannot  be  inhaled. 
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CHAPTER  XXX. 


THE   COMPOUNDS  OF   PHOSPHORUS  WITH    OXYGEN    AND  , 

WITH  OXYGEN  AND  HYDROGEN. 

Phosphorus  forms  three  oxides;  two,  Pj  Oj  and  Pj  O5,  correspond 
to  nitrogen  trioxide,  Nj  Oj,  and  nitrogen  pentoxide,  N,  O5,  and 
one,  Pj  O4,  is  analogous  to  Nj  O4.  Some  other  oxides  of  phos- 
phorus have  been  described,  but  further  investigation  must  establish 
their  identity.  Phosphorus  trioxide  and  pentoxide  are  both  acidic 
anhydrides,  the  one  of  phosphorous,  the  other  of  phosphoric  acid. 
The  most  common  forms  of  these  acids  differ  from  the  corresponding 
ones  of  nitrogen  by  being  hydrated,  so  that  phosphorous  acid  is  not 
H  PO2  but  Hj  POj,  and  phosphoric  acid  not  H  POj  but  H3  PO4. 

Pg  Oj,  phosphorus  trioxide,  is  produced  by  slowly  oxidizing 
phosphorus  in  a  stream  of  oxygen  diluted  with  carbon  dioxide.  It  is 
a  crystalline  solid  which  melts  at  22.5°  and  which  boils  at  173.3°, 
being  changed  to  a  colorless  vapor  which  has  a  specific  gravity, 
air  =  1,  of  7.6,  this  indicates  a  molecule  of  the  formula  P4  Oj,  as 
the  specific  gravity  calculated  for  Pj  O3  is  3.8.  The  oxide  is  com- 
pletely decomposed  when  heated  to  300°,  when  phosphorus  and  the 
oxide  Pa  O4  are  produced.  Phosphorus  trioxide  is  oxidized  wheu 
brought  in  contact  with  oxygen,  the  action  may  even  become  so 
violent  as  to  cause  spontaneous  combustion  to  ensue;*  the  oxidation 
product  is  phosphorus  pentoxide.  The  latter  substance,  as  we  have 
seen,  is  also  produced  when  phosphorus  is  burned  in  air  or  oxygen 
(page  20).*^  Ordinarily  it  is  a  flaky,  not  crystalline  powder,  how- 
ever, it  has  been  obtained  in  a  crystalline  form.  Phosphorus 
pentoxide  greedily  absorbs  moisture  from    the   air;    it  is  therefore 

*  This  phenomenon  is  possibly  due  to  the  fact  that  a  mixture  of  P2  Os*  Ps  Ot  and 
phosphorus  is  present  after  slow  oxidation  of  phosphorus,  the  phosphorus  would 
then  cause  the  spontaneous  combustion  of  the  mass.  Pure  Ps  Os  unites  with  oxygen 
and  becomes  luminous  when  placed  in  the  gas  under  diminished  pressure;  the 
glowing  ceases  when  the  pressure  is  increased.  This  fact  reminds  us  of  the  similar 
one  observed  with  phosphorus  and  oxygen. 
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deliquescent.  The  tendency  to  unite  with  water  which  is  possessed 
by  this  substance  is  so  great  that  if  a  little  of  it  is  placed  in  that 
liquid  it  dissolves  with  a  hissing  noise  similar  to  that  which  is  heard 
when  a  red-hot  iron  is  immersed.  Phosphoric  anhydride,  because 
it  is  able  to  perfectly  absorb  all  moisture,  is  a  favorite  substance 
for  drying  gases,  this  desirable  quality  of  completely  removing  all 
water  is  not  possessed  by  the  usual  drying  agent,  calcium  chloride.* 
Phosphorus  pentoxide  is  quite  volatile  at  250°,  but  above  that 
temperature  it  changes  into  another,  so-called  polymeric  t>  form 
which  evaporates  very  slowly  below  bright  red  heat. 

Phosphorous  acid  is  produced  when  the  trioxide  or  trichloride  is 
dissolved  in  water;  it  is  analogous  to  nitrous  acid,  although  much 
more  stable.  When  phosphorus  trioxide  unites  with  water  the  first 
product  which  we  would  expect  would  be  H  POa  for: 

P2  Oa  +  Ha  O  =  2  H  PO2  (see  page  110). 

The  compound  so  produced,  however,  takes  up  one  more  molecule 
of  water  to  form  the  hydrated  acid  Hg  POg*. 

H  POj  +  Ha  O  =  Hg  POg, 

in  which  condition,  only,  the  acid  is  capable  of  existence. 

Phosphorous  acid  contains  three  hydrogen  atoms,  but  no  more 
than  two  of  these  can  be  replaced  by  metals  at  the  same  time.  The 
following  explanation  of  this  phenomenon  seems  the  most  reasonable. 
The  character  of  any  chemical  compound  is  influenced  by  all  of  the 
elements  in  that  compound;  no  one  element  or  group  of  elements 
is  able  to  entirely  suppress  any  one  of  the  others  with  which  it  is 
united.  When  a  hydroxide  (for  instance  that  of  potassium)  reacts 
upon  phosphorous  acid  it  is  to  be  presumed  that  the  first  product 
will  be  the  primary  salt;  (page  137) 

_  rOH-f  KOH    ^roK 
J-^OH  =P-^OH  +  HaO. 

i    (OH  1    (OH 

*  It  has  been  shown  that  a  glass  tube  four  inches  in  length,  filled  with  phos- 
phorus pentoxide  will  entirely  dry  a  gas  which  is  slowly  passing  through. 

tThe  polymeric  form  of  a  substance  is  supposed  to  be  produced  by  the  union 
of  simpler  molecules  of  that  substance  to  form  a  more  complicated  molecule.  Thus, 
ordinary  Pg  Og,  let  us  suppose,  is  formed  of  molecules  each  of  which  is  comi>osed 
of  X  times  the  formula  weight  Pg  Og,  or  x  (Pg  Os)i  each  molecule  of  the  polymeric 
form  would  then  contain  a  number  of  these  simpler  molecules  orn  ( x  [Pg  Ogl ).  Such 
polymeric  forms  are  quite  frequently  met  with  in  organic  chemistry  and  possibly 
the  phenomenon  of  allotropism  may  be  caused  by  a  union  of  simpler  molecules  to 
form  more  complex  ones. 
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The  metallic  element  whicli  is  now  present  in  the  salt  renders  the 
whole  compound  less  negative,  so  that  that  the  next  reaction : 

^  f OK  ^  rOK 

P  ^  OH  +  KOH  =   P  ^  OK  +  Ha  O 

i  (oh  ^  (oh 

would  take  place  less  readily  than  the  first.  The  secondary  salt  has 
now  entirely  lost  all  acid  properties,  owing  to  the  increased  mass  of 
metal  present,  so  that  all  attempts  to  replace  the  third  hydrogen 
atom  will  fail.*  Many  chemists  think  that  experimental  evidence 
has  proven  the  formula  of  phosphorous  acid  to  he: 

H  U  ^  OH  and  not  P  ]  OH 

A  (oh  i  (oh 

so  that  it  would  contain  only  two  hydroxyle  groups.  One  of  the 
hydrogen  atoms  would  then  be  joined  to  phosphorus,  thus  rendering 
that  element  quinquivalent;  by  means  of  this  hypothesis  they  have 
sought  to  explain  the  fact  that  phosphorous  acid  will  only  form  pri- 
mary and  secondary  salts.  The  remarks  on  page  153  will  apply 
equally  well  in  this  case. 

Phosphorous  acid,  like  sulphurous  and  nitrous  acid,  is  easily 
oxidized  and  when  so  acted  on  it  forms  phosphoric  acid;  chlorine,  bro- 
mine, iodine,  nitric  acid  and  even  sulphurous  acid  can  affect  it  in 
*this  way.     The  following  equations  will  serve  as  illustrations  (see 
page  136): 

a.  2  CI     -f  Ha  O  =  2  H  CI  +  O 

b.  H,  P08+     O     =      HsPO,, 

Combining  a  and  b  we  have: 

c.  H3  PO,  +  2  CI  +  Ha  O  =  Ha  PO,  +  2  H  Cl.f 

Phosphorous  acid  follows  out  the  general  rule  which  we  observed 
with  the  chlorine  and  sulphur  acids,  it  changes  into  the  acid  with 

*  A  number  of  polybasic  acids  ^hich  are  encountered  in  organic  chemistry  show 
this  same  character,  they  present  the  phenomenon  of  having  one  atom  of  the  metal  in 
their  salts  more  reactive  .than  the  others. 

t  The  pupil  should  practice  the  writing  of  a  large  number  of  equations  in  which  cases 
of  oxidation  and  reduction  occur.  In  all  case  he  must  consider;  first  the  substance  to  be 
oxidized ;  second,  the  amount  of  oxygen  which  it  will  take  up;  third,  the  oxidizing  agent; 
and  fourth,  the  amount  of  oxygen  which  the  latter  will  yield  and  the  products  which 
It  forms  when  it  oxidizes^.  Examples  of  oxidation  have  been  frequently  given  on  the 
previous  pages  of  this  book. 
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^eater  amount  of  oxygen  when  heated.  The  change  can  be  repre- 
sented by  the  following  equation: 

4  Ha  POa  =  3  Ha  PO,  +  PH,. 

The  evolution  of  phosphine,  if  the  phosphorous  acid  is  heated 
too  rapidly,  can  sometimes  become  so  violent  that  an  explosion  takes 
place.  Phosphorous  acid  is  a  colorless,  crystalline  solid  which  melts 
at  70°,  and  which  is  very  soluble  in  water. 

When  phosphoric  anhydride  is  exposed  to  the  air  it  deliquesces 
and  is  converted  into  a  phosphoric  acid,  which,  however,  is  not  the 
one  usually  encountered,  but  is  the  less  hydrated  acid  corresponding 
to  nitric  or  chloric  acid;  the  following  will  make  the  parallelism 
clear: 


P,  0,          +  Hj  0 

-    2HP0„ 

Phosphoric  anhydride  +    Water 

=  Phosphoric  acid. 

N,  0,          +  H,  0 

=     2HNO3, 

Nitric  anhydride     +    Water 

=       Nitric  acid. 

Cl,  0.         +  Hj  0 

=     2HCIO3, 

Chloric  anhydride    +    Water 

=      Chloric  acid. 

When  the  phosphoric  acid  so  obtained  is  dissolved  in  an  excess  of 
water  and  allowed  to  stand  for  some  time,  or  when  it  is  boiled  with 
water,  it  takes  up  more  of  that  substance  to  produce  the  ordinary 
form  of  the  acid;  one  oxygen  atom  together  with  the  elements  of 
water  forming  two  hydroxy le  groups: 

=  0 

H 
H 
H 

H  PO3  +  Ha  O  =  Ha  PO,. 


P{H8ig°==pf=t 


The  acid  with  the  formula  H  POa  is  called  metaphosphoric,  while 
Hg  PO4  has  the  name  of  orthophosphoric  acid.  Nitric  acid,  H  NOa, 
and  chloric  acid,  H  CI  O3  are  therefore  really  meta  nitric  and  meta 
chloric  acids,  but  as  the  corresponding  oriho  acids,  H3  NO^  and 
Ha  CI  O4  are  not  known,  there  is  no  necessity  of  applying  a  special 
designation  to  the  less  hydrated  and  common  form  of  these  substances. 
The  nomenclature  which  is  applied  to  the  acids  derived  from  the 
other  elements  of  this  family  corresponds  to  that  used  with  phos- 
phorus, thus: 


218  A  TEXT-BOOK  OF 

H  As  O3  is  meta  arsenious  acid. 
H,  As  Og  **  ortho       ''  '' 

H  As  Og  *  *  meta  arsenic        *  * 
Hb  As  O4  *  *  ortho       *'  '* 

and  the   same    system   is   also  frequently  applied  in  the  designa- 

tion  of  acids  derived  from  elements  belonging  to  other  groups,  for 

instance: 

H2  Si  O3  is  meta  silicic  acid, 

H,  Si  O^  is  ortho     '* 

Unfortunately  this  system  is  not  rigidly  carried  out  with  all  of  the 
various  hydrated  acids  which  have  been  discovered  and,  further- 
more, acids  have  been  distinguished  as  ortho  and  meta  when  the 
difference  between  them  has  nothing  whatever  to  do  with  their 
hydration,  so  that  these  distinctive  names  can  only  be  used  in  cases 
where  they  have  the  sanction  of  custom. 

Orthophosphoric  acid  changes  into  metaphosphoric  acid  at  a  red 
heat,  and  if  this  temperature  is  maintained  for  a  sufficient  length  of 
time  the  latter  substance  will  finally  evaporate.  When  orthophos- 
phoric is  changed  into  metaphosphoric  acid,  a  third  acid  is  first 
produced  as  an  intermediary  product  and  this  one,  having  its  place 
between  the  other  two  acids  is,  because  produced  by  heating,  called 
pyrophosphoric  acid.  The  changes  which  orthophosphoric  acid 
undergoes  can  be  represented  by  the  following: 

2  Ha  PO,  =  H,  Pa  O7  +  Ha  O;  and  H,  P^  O7  =  2  H  PO,  +  H,  O. 

Orthophosphoric  Pyrophosphoric         Pyrophosphoric         Metaphosphoric 

acid.  acid.  acid.  acid. 

The  structural  formulae  representing  the  formation  of  pryophosphoric 
acid  are  as  follows: 

OK  KO  \  r=r\  OK  KO  >  Hor,2H3PO,=H,P,0,+H.O. 
iOHHfoJ  I O- 

It  is  supposed  that  two  univalent  groups P  -|  OH  are  united  by  means 

H 

of  oxygen,  just  as  are  two  similar  ones  in  disulphuric  acid  as 
was  described  on  page  150;  such  complicated  acids,  produced  by  the 
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separation  of  water  and  the  joining  of  groups  of  elements  by  oxygen 

atoms  are  of  quite  frequent  occurence.* 

Metaphosphoric  acid  is  a  colorless,  glass-like  substance  {acidum 

phosphorieum  glaciate)  which  greedily  absorbs  moisture  from  the  air. 

It  is  a  monobasic  acid  and  should  therefore  only  form  one  class  of 

salts,  however,  a  number  of  metaphosphates  derived  from  the  same 

metal  are  known,  the  form  of  acid  known  as  metaphosphoric  acid  is 

therefore  supposed  to  be  capable  of  existing  in  several  polymeric 

forms  t-      Metaphosphoric  acid   precipitates  egg  albumen  from  its 

solutions,  a  property  which  distinguishes  it  from  ortho  and   pyro- 

phosphoric  acid.     Metaphosphoric  acid  changes  to  orthophosphoric 

acid  on  being  dissolved  in  water  and  standing,  it  is  rapidly  converted 
by  boiling  the  solution. 

Orthophosphoric  acid  is  tribasic,  it  forms  primary,  secondary  and 
tertiary  salts.  Representatives  of  each  of  these  classes  are  known  and 
of  importance.     If  M  represents  any  univalent  metal  then: 

M  Ha  PO4  is  the  primary  phosphate. 
Ma  HPO4  is  the  secondary  phosphate,  and 
Mg  PO4  is  the  tertiary  phosphate ; 
and  if  M'  is  any  bivalent  metal  then: 

M'  (H2PO^)2  is  the  primary  phosphate, 

M'  (H  PO^)  is  the  secondary  phosphate,  and 

M'j  (P04)2  is  the  tertiary  phosphate. 

The  formulae  of  the  last  three  salts  are  self-evident  if  we  consider 
that  a  bivalent  metal  replaces  two  hydrogen  atoms  of  an  acid  and 
that  a  primary  salt  has  one,  a  secondary  two  and  a  tertiary  three 

*  Prom  its  formation  by  heating  pyrophosphoric  acid,  it  seems  likely  that  ordinary 
metaphosphoric  acid  has  the  fiirmula 


A     I o J   ^  ' 


J 

or,  Ht  Pt  Oe  =»  2  HPOs*  for  any  other  formula  could  only  be  produced  if  we  suppose  the 
pyropbosphoric  acid  to  be  split  asuuder  by  the  very  means  which  generally  unites  groups 
of  atoms,  namely  by  the  separation  of  water  between  two  hydroxlye  groups.  Of  course 
this  is  merely  speculation  but  the  existence  of  more  than  one  sodium  metaphosphate 
seems  to  warrant  the  belief  that  metaphosphoric  acid  can  appear  in  polymeric  process. 

tXhe  metaphosphoric  acids  are  supposed  to  have  the  formulae: 

HPOa 
2(HP08)  =  Hj  PffOe 
3  (HP  08)  =  H8  Ps  0» 

or,  in  general,  to  be  n  (H  P  Os). 
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8uch  atoms  replaced  by  that  metal.  When  the  secondary  phos- 
phates   are    heated,    the    pyrophosphate  very   frequently   results, 

thus : 

Naa  HPO,  =  Na,  P^  O,  +  H^  O, 

and  when  the  primary  ones  are  similarly  treated  the  metaphosphate 

is  produced: 

NaHjPO,  =  NaPOg  +  H^  O. 

Only  primary  and  secondary  salts  of  very  pronouncied  metals,  such 
as  sodium,  potassium  and  calcium,  are  known,  in  other  cases  the 
tertiary  salt  alone  exists;  therefore  when  silver  nitrate  is  added  to 
the  secondary  phosphate  of  sodium,  the  insoluble  tertiary  phosphate 
of  silver  is  precipitated : 

Na^  HPO,  +  3  Ag  NO3  =  Agg  PO,  +  2  Na  NO3  +  HNO,, 

This  reaction  is  one  which  puzzled  the  older  chemists  not  a  little,  for 
by  mixing  a  solution  of  two  salts  which  were  neutral  they  obtained  a 
liquid  of  acid  reaction,  (because  of  the  nitric  acid  formed).  All 
secondary  and  tertiary  phosphates,  excepting  those  of  the  alkali 
metals  and  of  ammonium,  are  insoluble  in  water,  while  on  the  other 
hand  all  primary  phosphates  are  soluble.  The  tertiary  and  second- 
ary phosphates  therefore  are  dissolved  by  acids,  the  primary 
phosphates  being  formed,  thus: 

Ca3  (POJa     +  4  HCl  =  Ca  (H2  P0,)2     +  2  Ca  Cl^* 

( Insoluble  tertiary      )  '         -^1  _  f  soluble  primary         )    ,       ,, 
(  calcium  phosphate     j    ""  ~  (  calcium  phosphate    )  "^ 

By  the  addition  of  soluble  bases  to  the  soluble  primary  phosphates 
the  insoluble  tertiary  ones  are  precipitated; 

3  Ca(H2  PO,)^  +  12  NH.OH  =  Ca,  (P0,)2  +  4  (NH,)8P0,+  12H2  0t 


*  See  pages  149  and  154. 

t  A  reaction  such  as  this  is  really  not  as  formidable  as  at  first  glance  it  would  appear 
to  be.  It  consists  in  simply  neutralizating  the  excess  of  acid  hydrogen  atoms  in  the 
primary  salt  by  means  of  ammonia.  As  the  tertiary  phosphate  of  calcium  is  always 
formed,  we  must  necessarily,  in  endeavoring  to  picture  by  atomic  symbols  the  changes 
which  really  take  place,  use  three  times  the  formula  weight  of  calcium  primary  phos- 
phate, because  then  are  three  atoms  of  calcium  in  Cas  (P04)f  The  remainder  of  the 
work  simply  consists  in  counting  up  how  much  ammonium  hydroxide  it  will  take  to 
replace  all  of  the  remaining  hydrogen  atoms  by  the  group  NH4.  A  study  of  this  reac- 
tion in  the  laboratory  reveals  that  exactly  the  proportion  by  weight  of  Gas  (P04)t  and 
<NH4)s  PO4  expressed  in  this  equation  are  in  reality  produced  by  nature. 


GENERAL  DESCRIPTIVE  CHEMISTRY.  221 

ft. 

The  soluble  secondary  phosphates  of  the  alkali  metals  are  the 
usual^alts  of  those  elements,  the  insoluble  secondary  phosphates  of 
pronounced  metals  like  calcium,  barium  or  strontium,  which  form 
such  salts,  are  readily  produced  from  these  by  precipitation: 

Na,  HPO,  +  Ca  Clj  =  Ca  HPO,  +  2  Na  CI, 

Soluble.  Soluble.        Insoluble.  Soluble. 

The  soluble  tertiary  phosphates  of  the  alkali  metals  have  a 
strongly  alkaline  reaction*  and  show  the  greatest  tendency  to 
separate  a  portion  of  the  metal  contained  in  them  as  the  hydroxide. 

Na.,  PO,  +  H2  O  =  Na,  HPO,  +  Na  OH. 

This  characteristic  bears  out  the  theory  which  we  developed  when 
discussing  phosphoroas  acid,  (pages  215,  216).  Phosphoric  acid, 
being  a  stronger  acid  than  phosphorous  acid  will  have  a  greater 
tendency  to  form  sodium  salts,  so  that,  while  the  tertiary  sodium 
phosphate,  although  unstable,  really  does  exist,  the  tertisiTy  phosphite 
is  not  known. 

All  meta  phosphates,  provided  they  are  not  those  of  a  volatile 
metal-like  substance  such  as  ammonium,  are  unchanged  even  by  quite 
a  high  heat,  it  follows  that  these  salts  will  be  formed  under  conditions 
which  render  the  existence  of  the  salts  of  the  great  majority  of  other 
acids  impossible;  as  a  consequence  phosphoric  acid  will  ultimately 
decompose  the  salts  of  much  stronger  acids  like  sulphuric,  leaving  a 
phosphate  in  their  place,  while  on  the  other  hand  in  solution  or  in 
the  cold  the  exact  reverse  takes  place,  i.  e.,  the  other  acids  decompose" 
the  phosphates. 

Pyrophosphoric  acid  is  quadribasic  but  only  forms  two  classes  of 
salts,  those  with  M4  P2  0^  and  those  with  Mg  Hj  P2  O7  as  their  gen- 
eral formula.  On  being  heated  with  water  the  pyrophosphates 
change  into  the  secondary  orthopbosphates. 

Phosphoric  acid  is  necessary  for  animal  and  vegetable  life, 
tertiary  calcium  phosphate  forms  the  major  portion  of  the  inorganic 
constituents  of  the  bones  and  teetli,  but  phosphoric  acid  combined 
in  some  form  is  also  found  in  the  blood,  in  the  muscle  and  nerve 
tissues  and  in  the  brain.  The  phosphates  which  are  found  in  the 
soil  are  generally  of  an  insoluble  variety,  however,  the  chemical 

*(i.  e.  they  turn  red  litmus  of  a  blue  color  (page  71.) 
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action  of  the  various  substances  which  are  present,  aided  by  water, 
renders  them  finally  partially  soluble  and  absorbable  by  plants. 
The  primary  calcium  phosphate  has,  when  mixed  with  other  ingredi- 
ents, an  extensive  sale  as  superphosphate;  it  is  used  as  a  fertilizer. 

Two  other  oxides  of  phosphorus,  Pg  O^  and  P^  O  are  known; 
they  are  of  littl«  importance  except  that  Pa  O^  is  analogous  to  Nj  O4. 
A  larger  work  must  be  consulted  for  their  description. 

The  following  table  shows  the  connection  between  the  compounds 
discussed  in  the  last  two  chapters. 
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CHAPTER  XXXI.- 


ARSEI^IC  AND  ARSINE. 

Arsenic,  symbol  As,  atomic  weight  75,  specific  gravity  5,76,  Specific 
gravity  of  vapor  at  red  heat,  air  =  1  is  10,3,  H  =  2  is  296.6, 
molecular  weight  of  As^-  =  300,  of  As^  =  150.  Arsine,  As  JH",, 
specific  gravity,  air  =  1,  is  2.69,  H  =  2  is  77.5,  molecular  weight 
78.021,  1  c,  c.  of  the  gas  at  0°  and  .76  m  pressure  weighs  .003495 
grams. 

Arsenic  occurs  quite  frequently  in  the  form  of  the  uncomhined 
element,  especially  in  formations  which  contain  the  metallic  sul- 
phide; the  native  arsenic  is  found  in  greyish  black,  reniform  masses. 
Combined  arsenic  occurs  in  the  arsenides  of  many  metals,  the  chief 
examples  of  which  are : 

Arsenopyrite,  Fe  As  S  (corresponding  to  Fe  St  iron  pyrites,  one  atom  of  sulphur 
being  replaced  by  one  of  arsenic.) 

Smaltite,  (Co,  Fe  Ni)  Ast  (corresponding  to  Fe  Ss ,  iron  pyrites,  lx>th  atoms  of 
sulphur  being  replaced  by  arsenic.) 

Gobaltglance,  Go  As  S. 

Two  sulphides  of  arsenic  are  also  found  as  quite  frequent  miner- 
als, they  are: 

Asb  Ss ,  realgar. 
As 8  Ss  ,  orpiment. 

In  addition  to  these  occurrences,  arsenic  also  appears  as  the  oxide 
Asj  O3,  and  in  some  arsenates,  these  latter  probably  the  results  of 
the  oxidation  of  the  arsenides.  The  arsenic  of  commerce  is  either 
the  naturally  occuring  element  or  it  is  prepared  from  the  arsenides 
w^hich  are  found  ae  minerals. 

The  two  sulphides  mentioned  above  and  the  oxide  Asj  Oj,  have 
been  known  since  ancient  times;  Aristotle  mentions  the  former,  hut 
the  term  arsenicon  seems  first  to  have  been  used  by  Dioscorides. 
The  element  arsenic  does  not  seem  to  have  been  isolated  until  the 
latter  part  of  the  seventeenth  century;  of  course  its  chemical  nature 
was  not  understood  until  much  later. 
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The  commercial  preparation  of  arsenic  depends  upon  the  forma- 
tion of  ferrous  sulphide  and  free  arsenic,  when  arsenopyrite  is  heated: 

Fe  As  S  =  Fe  S  +  As. 

The  impure  arsenic  so  prepared  is  purified  by  sublimation,  for  when 
heated  it  volatilizes  without  previously  melting,  and  then  collects  on 
the  colder  parts  of  the  retorts  in  crystals. 

Arsenic  has  a  steel-grey  color  and  metallic  lustre,  when  fractured 
it  resembles  white  pig  iron.  Arsenic,  like  sulphur  and  phosphorus, 
exists  in  two  allotropic  forms,  one  of  which  is  crystalline  *  and  the 
other  amorphous.  When  the  element  is  heated  in  a  glass  tube, 
amorphous  arsenic  is  deposited  on  the  walls  as  a  black  mirror,  while 
the  bright,  shiny  crystals  of  the  other  variety  appear  upon  the  cooler 
portions.  The  amorphous  form  is  changed  into  the  crystalline  by 
heating  to  360.°  Crystallized  arsenic  has  a  specific  gravity  of  5.76, 
amorphous  of  4.71. 

When  heated  in  the  air,  arsenic  burns  to  form  the  trioxide 
As,  O,;  in  this  particular  the  element  differs  from  phosphorus, 
which,  under  similar  circumstances,  forms  the  pentoxide  Pq  Oj. 
When  heated  or  burned,  arsenic  has  a  peculiar  odor,  somewhat 
resembling  that  of  phosphine.  The  element  unites  directly  with 
chlorine,  bromine  or  iodine  to  form  the  corresponding  halogene 
compounds,  and  arsenic  also  readily  combines  with  a  number  of 
metals,  thus  yielding  arsenides. 

Arsenic  volatilizes  at  450°;  the  vapors  have  a  lemon  yellow 
color  and  a  most  disdljgreeable  garlic  odor.  Their  specific  gravity, 
air  ==  1,  at  a  low  read  heat,  is  10.3,  which,  H  =  2,  gives  296,6;  the 
molecular  weight  at  this  temperature  is  therefore  300  and  the  mole- 
cule consists  of  four  atoms,  As^.  The  density  of  the  arsenic  vapors , 
however,  gradually  diminishes  as  the  heat  is  increased,  until  it 
reaches  6.5  at  1437°. f  The  molecules,  As^,  which  correspond  to 
those  of  phosphorus,  P^,  therefore  begin  to  dissociate  as  a  white  heat 
is  reached,  so  that  they  change  into  a  mixture  of  As^  and  AsjJ; — the 
value  for  the  specific  gravity  would  be  5.22,  air  =  1,  were  complete 
dissociation  into  As,  to  result. 

*  Hexagonal  system,  rhombohedra. 
tjjatest  determinations  by  Victor  Meyer  and  MenschiD2. 

t  Possibly  they  partlaUy  dissociate  into  the  individual  atoms,  there  is  no  means 
of  determining  this  point. 

15 
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Arsenic  is  an  element  which  is  on  the  boundary  line  between 
metal  and  not-metal.  Crystallized  arsenic  is  entirely  metallic  in  ap- 
pearance, although  it  is  neither  malleable  nor  ductile;  it  conducts 
heat  and  electricity  quite  readily.  Chemically,  arsenic  is  almost 
entirely  a  not-metal  but  its  approach  to  the  metallic  character  is 
evinced  by  the  instability  of  its  hydrogen  compounds. 

Arsine,  As  Hg,  is  the  analogon  of  phosphine,  P  Hg,  and  of 
ammonia,  NH,.  It  is  produced,  similarly  to  phosphine,  by  the 
action  of  an  acid  upon  some  arsenide,  thus: 

Asa  Zn,  +  6  H  CI  =  2  As  H3  -f  3  Zn  CL, 

Zinc  arsenide.  Arsine. 

Such  a  reaction  is  exactly  like  the  ones  which  were  studied  when 
the  preparation  of  hydrogen  sulphide  and  other  hydrogen  compounds 
was  discussed,  thus: 

Fe  S      +  2  H  CI  =  Fe  CI,      +H^S. 
Zn,  As,  +  6  H  CI  =  3  Zn  CI,  -f  2  As  H,. 

This  method  furnishes  pure  arsine.  Another  and  more  important 
way  of  preparing  arsine  is  by  the  action  of  nascent  hydrogen  upon 
an  acid  solution  of  a  soluble  arsenic  compound.  For  instance,  a 
solution  of  arsenic  trioxide  in  hydrochloric  acid  when  added  to  zinc 
which  is  covered  with  dilute  sulphuric  acid  and  which  is  therefore 
generating  hydrogen,  will  develope  arsine,  the  latter,  howeveir, 
naturally  is  mixed  with  hydrogen. 

As,  Os  +  12  H  =  2  As  H,  +  3  Ha  O. 

The  most  delicate  test  for  arsenic  (Marsh's  test)  is  based  upon  this 
chemical  fact.** 

Arsine  is  a  colorless  gas,  with  a  most  disagreeable  odor.  It  is 
an  intense  poison,  so  that  it  is  imperatively  necessary  to  take  every 
precaution  when  experimenting  with  the  gas,  especially  when  the  lat- 
ter is  obtained  pure  as  it  is  from  zinc  arsenide.*  The  specific  gravity 
of  arsine  is  2.69,  air=  1,  or  77.5,  H  =  2,  the  molecular  weight  is 
therefore  78.021  (As  =  75,  3  H  =  3.021;  As  H,=  78.021)  and  the 
formula  As  H3.  Arsine  changes  to  a  liquid  at  — 102°  and  forms  a 
white  crystalline  mass  at  — 119°.  When  ignited  in  the  air  the  gas 
bums  with  a  bluish  white  flame,  forming  water  and  arsenic  trioxide, 

*  Arsine  sbould  nccvr  be  generated  otberwist  than  under  a  hood  or  in  the  open  air 
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the  latter  compound  appearing  in  the  form  of  a  white  smoke.  If 
the  air  supply  in  which  arsine  is  burning  is  limited,  or  if  the  flame 
is  cooled,  for  example  by  holding  a  porcelain  plate  in  it,  the  arsenic 
formed  by  the  decomposition  will  separate  and  will  form  a  dark  spot 
on  the  surface  in  contact  with  it.  A  mixture  of  arsine  and  oxygen 
explodes  violently  when  ignited. 

Arsine  is  much  less  stable  than  phosphine.  When  it  is  passed 
through  a  heated  glass  tube  it  readily  decomposes  into  hydrogen  and 
arsenic,  the  latter  being  deposited  as  a  black  mirror.  Of  course 
arsine  is  a  powerful  reducing  agent;  sulphuric  acid  is  readily 
decomposed  by  it,  just  as  that  acid  is  by  hydro  iodic  acid  or  hydrogen 
sulphide,  but  in  this  case  the  acid  is  robbed  of  all  of  its  oxygen 
while  the  sulphide  of  arsenic  is  formed;*  other  acids  and  even  water 
or  alkali  can  likewise  decompose  hydrogen  arsenide.  Arsine  reduces 
silver  nitrate  in  solution;  metallic  silver  is  precipitated  and  arsenic 
trioxide  is  formed;  this  fact  is  of  importance  in  the  detection  of 
arsenic.  The  basic  properties  manifested  by  ammonia  and  phos- 
phine are  absent  in  arsine;  the  latter  forms  no  arsonium  compounds; 
it  can  only  be  made  to  act  as  a  base  when  the  hydrogen  atoms  con- 
tained in  it  are  substituted  by  some  more  positive,  so-called  organic 
radicle,  like  methyl. f 

*Thls  would  appear  to  be  an  example  of  the  nascent  action  of  a  solid  element  like 
arsenic;  the  element,  at  the  moment  of  its  liberation  from  arsine,  readily  combines  with 
the  hydrogen  sulphide  or  perhaps  with  sulphur  formed  by  the  reduction  of  the  sulphuric 
acid. 

t  See  methane,  chapter  on  compounds  of  carbon  and  hydrogen. 
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CHAPTER  XXXII. 


THE  COMPOUNDS    OF    ARSENIC  WITH   THE    HALOGENES, 
WITH  OXYGEN  AND  WITH  OXYGEN  AND  HYDROGEN. 

The  balogene  compounds  of  arsenic  are  not  complicated  by  the 

existence  of  two  series,  for  only  the  trihalogene  derivatives  have 

with  certainty  been    prepared;    their  chief   characteristics  are  as 

follows : 

As  Fs,  arsenic  trifluoride,  liquid,  boils  at  83". 

As  Gls.  arsenic  trichloride,  liquid,  boils  at  130.2% 

As  Bra,  arsenic  tribromide,  solid,  melts  at  20-26*,  boils  at  220'. 

As  Is.  arsenic  tri-iodide,  solid,  sublimes  when  heated. 

Arsenic  shows  its  resemblance  to  the  metals  and  at  the  same 
time  its  connection  with  the  not-metals  no  where  better  than  in  the 
chemical  behavior  of  its  chlorine  compound.  The  latter  substance 
can  be  formed,  as  are  the  chlorides  of  metals ,  by  the  action  of  hydro- 
chloric acid  on  the  trioxide  of  arsenic,  so  that  in  this  case  arsenic 
trioxide  is  a  base  and  arsenic  a  metal 

AsaOg -f  6HC1  =  2  As  Cla  +  SHjO. 

This  formation  of  the  chloride  of  arsenic  is  not,  however,  possible 
unless  very  little  water  is  present,  it  takes  place,  for  instance,  when 
dry  hydrochloric  acid  is  passed  over  the  oxide  of  arsenic,  or  when 
the  latter  substance  is  distilled  with  a  mixture  of  sulphuric  and 
hydrochloric  acid.  On  the  other  hand,  when  an  excess  of  water  is 
added  to  the  trichloride  it  is  entirely  decomposed  into  hydrochloric 
acid  and  arsenic  trioxide: 

a.  2  As  CI3  +  6  Ha  O  =  2  As  ( OH  )3  +  6  H  CI, 

b.  2  As  (0H)8  =  Asa  Og  +  3  Ha  O. 

An  arsenious  acid  which  corresponds  to  phosphorous  acid  does 
not  exist,  where  its  formation  is  to  be  expected,  not  it,  but  its  anhy- 
dride, Asj  O3,  results.  The  easy  decomposition  of  the  trichloride  of 
arsenic  by  an  excess  of  water,  therefore,  is  a  phenomenon  classing 
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arsenic  as  a  not  metal,  for  the  chlorides  of  the  pronounced  metals  are 
unchanged  by  the  action  of  water.*  The  addition  of  a  little  water 
only  partially  decomposes  arsenic  trichloride: 

(Cl  +  HOH  roH 

As  ^  CI  +  HOH     =      As  ^  OH  +  2  H  CI. 
I  CI  (CI 

a  so-called  basic  salt,  i.  e.,  a  salt  which  is  in  part  hydroxide 
and  in  part  chloride  being  produced,  (see  antimony  trichloride). 
The  chloride,  bromide  or  iodide  of  arsenic  can  readily  be  formed 
by  the  direct  union  of  the  elements.  These  compounds  are  all 
extremely  poisonous  substances;  the  fluoride,  chloride  and  bromide 
fume  in  the  air,  absorb  moisture  and  decompose,  leaving  the 
trioxide. 

Arsenic  forms  two  oxides,  Asj  Ojf  and  Asj  Os,  they  are  the 
anhydrides  respectively  of  arsenious  and  of  arsenic  acid;  arsenious 
acid  is,  however,  known  only  in  its  salts,  for  we  have  seen  that  when 
it  is  liberated  from  these  it  at  once  breaks  down  into  its  anhydride 
and  water.  Owing  to  the  few  reactions  in  which  arsenic  acts  like  a 
metal,  the  oxides  are  sometimes  named  arsenious  and  arsenic 
oxides  in  conformity  with  the  nomenclature  usually  adopted  where  a 
metal  forms  two  such  compounds  (see  pages  24  and  25). 

Arsenious  oxide  (arsenic  trioxide,  AsgOg)  is  the  most  common 
preparation  of  arsenic,  having  been  known  to  the  ancients  and  hav- 
ing been  a  familiar  substance  ever  since  the  time  of  the  Romans,  it 
is  popularly  known  by  the  name  of  arsenic  or  white  arsenic; 
when  cases  of  poisoning  by  arsenic  occur  the  substance  used  is 
generally  **  white  arsenic."  As  its  name  implies,  it  is  a  white 
solid,  resembling  ordinary  flour.  The  commercial  product  is  formed 
by  roasting  the  arsenical  sulphides  which  occur  as  mineral  deposits, 
arsenico-pyrite  is  especially  advantageous  for  this  purpose;  in  roasting 
the  latter,  care  must  be  taken  to  have  a  sufficient  supply  of 
air,  otherwise  arsenic,  which  is  formed  as  shown  on  page  225, 
sublimes  together  with  the  oxide.  Quantities  of  white  arsenic  are 
also  produced  while  burning  cobalt,  nickel,  tin  and  silver  ores;  the 

•See  page  77. 

tThe  specific  gravity  of  this  substance  taken  by  Victor  Meyer,  above  1500° 
corresponds  to  a  molecule  formula  As^  Oe.  The  smallest  molecule  of  the  trioxide 
of  arsenic  with  which  we  are  acquainted  is  therefore  As^  Oe. 
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arsenious  oxide  is  collected  in  cold  chambers  and  is  purified  by  sub- 
limation. The  white  arsenic  of  commerce  generally  contains  traces 
of  the  corresponding  oxide  of  antimony. 

Sublimed  arsenic  trioxide  appears  in  two  forms,  in  the  first  as  a 
dimorphous  substance,  crystallizing  both  in  the  regular  and  in 
the  monoclinic  system,  and  in  the  second  as  an  amorphous, glass-like 
body,  which  gradually  changes  into  a  porcelain-like  mass.  The 
oxide  volatilizefs  at  200°. 

Arsenious  oxide  is  a  poison  to  all  animals  and  even  to  plants. 
Owing  to  its  tastelessness  and  the  readiness  with  which  it  can  be 
mixed  with  foods,  it  is  frequently  used  as  a  poison  both  intentionally 
and  accidentally.     It  acts  in  two  ways. 

a.  As  a  corrosive  substance,  attacking  the  organic  surfaces  with 
which  it  comes  in  contact,  it  therefore  causes  local  inflammation  in 
the  stomach  and  intestinal  tract. 

b.  It  has  a  destructive  effect  on  the  medullse  of  the  nerves. 
The  more  rapidly  the  poison  is  absorbed  the  less  the  action  under  a 
and  the  more  the  one  under  b  is  observed;  it  follows  that  the  latter 
is  more  prominent  when  the  arsenic  is  administered  in  solution,  and 
of  course  it  is  of  material  influence  whether  the  stomach  is  full,  or 
empty  at  the  time  of  taking.  .005  gram  have  a  marked  effect, 
and  if  continued  can  cause  death;  .06  to  .12  gram  may  cause  death 
in  a  few  days,  and  .2  to  .3  gram  in  a  few  hours.  Symptoms: 
Nausea,  salivation,  burning  in  the  gastric  region,  vomit  yellow  or 
greenish,  and  possibly  streaked  with  blood,  while  traces  of  white 
arsenic  may  be  visible  therein,  great  thirst,  colic  and  sensitiveness 
of  the  abdomen.  The  symptoms  of  the  action  under  h  are: — intense 
fear,  convulsive  movements,  trembling  and  cramps  in  the  extremi- 
ties; fainting  spells  and  delirium: — where  large  quantities  have  been 
rapidly  absorbed  the  patient  may  be  entirely  unconscious.  On  post 
mortem  examination: — fatty  degeneration  of  the  liver  and  heart  as 
well  as  in  many  other  organs,  the  effects  of  the  poisoning  being  much 
like  those  resulting  from  the  taking  of  phosphorus.  An  antidote  is 
a  mixture  of  freshly  precipitated  ferric  hydroxide  and  magnesium 
oxide,  the  endeavor  being  to  form  the  insoluble  ferric  arsenite. 
Glass- like  arsenic  trioxide  is  much  more  soluble  in  water  than  is  the 
crystallized  variety,  100  parts  of  water  at  ordinary  temperatures 
dissolve  four  parts  of  the  former  and  1.2  so  1.3  parts  of  the  latter. 
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The  chemical  action  of  arsenic  trioxide  is  twofold,  for  it  can 
appear  both  as  a  base  and  as  the  anhydride  of  an  acid. 

a.  It  acts  like  a  base,  because  it  can  dissolve  in  a  number  of  acids. 
One  or  two  of  the  salts  produced,  for  instance  the  chloride  As  Clg 
and  a  sulphate  (Asj  (804)3  +  SO3),  have  been  isolated,  these  sub- 
stances are  decomposed  by  water. 

/?.  It  acts  like  the  anhydride  of  an  acid,  because  it  dissolves  in 
bases  to  form  arsenites,  which  correspond  in  formula  to  the  nitrites: 

As2  O3  +  2  K  OH  =  2  As  O2  K  +  H^  O. 

The  meta-arsenites  (like  potassium  meta-arsenite  As  O2  K)  are  the 
most  common  salts  of  this  acid,  they  correspond  to  the  nitrites 
NO2  M;  a  few  orthoarsenites,  As  O3  Mg,  are  also  known.  The 
arsenites  of  the  alkali  metals  are  soluble  in  water,  the  others  are 

either  soluble  with  difficulty 
or  entirely  insoluble,  they 

^  ^-.-i'*'^'***''^**^^^^^^'^^^       ^^^  decomposed   by  hydro- 

chloric acid.     The  alkaline 
^:^^eS^^^  solutions  of  arsenic  trioxide 

are  most  powerful  reduc- 
ing agents;  they  have  the 
greatest  tendency  to  take 
up  oxygen  to  form  arsen- 
ates, but  on  the  other  hand, 
Figure  42.  arsenious  oxide  is  quite  read- 

ily reduced  and  a  method  for  detecting  arsenic  is  based  upon  the 
ease  with  which  their  substance  gives  up  oxygen.** 

Arsenic  pentoxide,  Asa  O5,  is  the  anhydride  of  arsenic  acid,  it 
corresponds  to  Nj  Og  and  P2  Og;  three  acids,  analogous  to  those  of 
phosphorus,  are  derived  from  this  oxide;  they  are: 

H  As  O3,  metaarsenic  acid, 
H3  As  O4,  orthoarsenic  acid, 
H4  Asa  O7,  pyroarsenic  acid. 

Arsenic  pentoxide  is  produced  when  arsenic  acid  is  heated  to  a 
low  red  heat,  a  higher  temperature  produces  decomposition  into 
arsenic  trioxide  and  oxygen.  It  is  a  colorless,  amorphous  mass, 
which  greedily  absorbs  moisture  and  finally  deliquesces. 
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Orthoarsenic  acid,  Hg  As  O^,  the  only  arsenic  acid  whicli  exists 

in  aqueous  solutions,  is  produced  by  oxidizing  arsenic  trioxide  (for 

instance  by  chlorine,  bromine  or  nitric  acid.*)     When  the  solution 

produced  by  oxidizing  arsenic  trioxide   is  evaporated   to  dryness, 

orthoarsenic  acid  separates  in  needle-like  crystals;  when  these  are 

heated  to  180^  they  separate  water  and  change  into  pyroarsenic 

acid: 

2  Hg  As  O4  =  H,  Asa  O7  +  Ha  O; 

which  latter  at  206^  changes  into  meta-arsenic  acid. 

H,  As,  O7  =  2  H  As  O3  +  H2  O, 

and  this  substance  finally  at  red  heat  decomposes  to  yield  the  anhy- 
dride Asj  O5.  Each  one  of  these  compounds  is  converted  into 
orthoarsenic  acid  by  solution  in  water. 

Orthoarsenic  acid  is  tribasic  and  forms  primary,  secondary  and 
tertiary  salts  the  formulae  of  which  are,  of  course,  exactly  like  those 
of  the  same  derivatives  of  phosphoric  acid,  (see  page  219).  Pri- 
mary and  secondary  arsenates,  when  they  are  glowed,  undergo  the 
same  changes  which  take  place  with  primary  and  secondary 
phosphates : 

MHjAsO,         =         MAsOg        +         Hj,  O. 

Primary  arsenate.  Metaarsenate. 

M2  H  As  O,       =         M,  Asa  O7       +         Hj  O. 

Secondary  arsenate.  Pyroarsenate. 

The  arsenates  of  the  alkalis  are  soluble  in  water,  while  only  the 
primary  arsenates  of  the  other  metals  dissolve;  it  will  be  remembered 
that  this  is  also  the  case  with  the  phosphates. 

Arsenic  acid  is  a  tolerably  good  oxidizer,  quite  a  number  of 
reducing  agents  reduce  it  to  arsenic  trioxide.  It  has  of  late  years 
been  extensively  used  in  the  manufacture  of  aniline  dyes  because, 
while  it  certainly  gives  up  its  oxygen,  it  does  not  do  so  with  such 
facility  as  to  destroy  the  organic  substance  it  acts  upon.  Sulphur 
dioxide  reduces  arsenic  acid  as  follows: 

Hg  As  O,  +  Hj  O  +  SO2  =  Hg  As  Og  +  H^  SO,,* 

*  The  pupil  should  write  these  equations,  using  the  knowledge  acquired  in 
studying  the  previous  oxidizing  action  of  these  substances. 
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the  arsenious  acid  so  formed,  of  course,  breaking  down  into  arsenic 
trioxide  and  water.  This  reaction  serves  to  distinguish  arsenic  acid 
from  phosphoric  acid,  for  the  latter  substance,  although  in  every 
respect  like  the  former,  has  no  tendency  whatever  to  give  up  oxygen 
and  change  to  phosphorous  acid.  Arsenic  acid  is  a  powerful 
jpoison. 
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CHAPTER  XXXIII. 


THE  COMPOUNDS  OF  ARSENIC  WITH  SULPHUR  AND  WITH 

SULPHUR  AND  HYDROGEN. 

Arsenic  forms  three  sulphides,  two  of  which  correspond  in 
formida  to  the  two  oxides;  they  are  A&j  S3  and  Aa,  S5,  while  the 
third  is  the  ruby  red  mineral,  realgar,  Asg  83. 

Arsenic  trisulphide  and  arsenic  pentasulphide  are  especially 
interesting  because  they  act  much  like  anhydrides  of  oxy-acids  and 
therefore  illustrate  the  marked  chemical  resemblance  between 
sulphur  and  oxygen. 

Arsenic  trisulphide  is  found  as  a  natural,  yellow  colored  min- 
eral which  bears  the  name  of  orpiment.  It  is  produced,  like  the 
sulphides  of  many  metals,  by  the  action  of  hydrogen  sulphide 
upon  an  acidified  solution  of  arsenic  trioxide,  for  the  sulphide  of 
arsenic  is  one  of  those  which  are  insoluble  in  dilute  acids.  (See 
page  95.) 

2  As  CI,  +  3  H3  S  =  A.  S.  +  6  H  CI. 

When  precipitated  it  is  a  bright  yellow  powder.  Arsenic  trisulphide 
can  also  bo  formed  by  direct  union  of  the  elements,  just  as  is  the 
trioxide.  Arsenic  trioxide  dissolves  in  alkaline  solutions  to  form  a 
meta-arsonite: 

As,  O,  +  2  K  OH  =  2  As  l\  K  +  H.  O, 

and  the  trisulphide  is  di>solveil  by  sulph hydrates  in   exactly  the 

same  wav: 

As,  S,  -^  2  K  SH  =  2  As  S,  K  +  H,  S, 

in  this  case  potasc>ium  motasulpharseniie  is  formed.  Metasulphar- 
seulous  aoid  may  K^  t.vnsiderevl  as  derived  from  an  orlhosulphar- 
soiiious  aoid  by  the  soparation  of  hydrv^gen  sulphide,  just  fts  meta> 
arsouious  aoid  Ov^ald   be  formovl  frv^iu  an  orthoaKenious  acid;  the 

follow iug  oi\uailor.s  wTtl  make  this  oloar: 
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AsjsH     =     As{S^+H.S. 


(SH 

Orthosulpharsenious  acid  =  Metasulpharsenious  acid  +  Hydrogen  sulphide; 

As     OH     =     As{«jj  +  H.O. 


Orthoarsenious  acid  =  Metaarseuious  acid  -r  Water. 

We  saw,  however,  that  raetaarsenious  acid  is  incapable  of  exist- 
ence, for,  when  liberated  from  its  salts,  it  at  once  breaks  down  as 

follows : 

2  As  O2  H  =  As2  O3  +  H2  O; 

metasulpharsenious  acid  acts  in  exactly  the  same  way : 

2  As  S2  H  =  As.  S3  +  H2  S; 

and  therefore,  when  acids  are  added  to  solutions  of  the  sulpharsen- 
ites,  arsenic  trisulphide  is  precipitated: 

2  As  S2  K  -f-  2  H  CI  =  A82  S3  +•  H2  B  +  2  K  CI. 

Arsenic  trisulphide  can  readily  be  dissolved  in  the  hydroxides  of  the 
alkalis,  for  then  a  mixture  of  the  arsenite  and  sulpharsenite  is  pro- 
duced;* it  is  also  dissolved  by  ammonium  sulphydrate,  only  in  the 
latter  event  a  salt  of  pyrosulpharsenious  acid  is  the  result: 

(SH    HS^  rSH    HS)        • 

As  -^  SH    HS  ^  As     =     As  -^  SH     HS  V  As  +  H2  S. 
|SH    HS)  ( —  S — \ 

2As(SH3)  =     AS2S5H, +  H2S.     (See  page  223.) 

The  ammonium  pyrosulpharsenite  so  formed  would  be 

As,SaNHO..t 

Some  salts  derived  from  orthosulpharsenious  acid,  As(SH)3,  ^^^  ^^so 
known;  none  of  the  acids  exists  in  the  free  state,  they  at  once 
break  down  into  the  trisulphide  of  arsenic  and  hydrogen  sulphide 
when  liberated  from  their  salts. 

Arsenic  pentasulphide  can  be  produced  from  the  trisulphide  by 
fusing  the  latter  with  sulphur: 

As2  S3  +  2  S  =  As2  S5; 

•  2  ASs  Ss  +  4  K  OH  =^  3  As  Se  K  -f  As  Og  K  +  2  H2  O. 
t  Ast  89+4  NH4  SH  -  AS2  Sb  (J^H4)4  +  2  H2  S. 
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this  sulphurization  correspondiog  to  the  oxidation  of  arsenic  trioxide: 

Asj  O,  +  2  O  =  As,  O5. 

Arsenic  pentasulphide  cannot,  like  the  trisulphide,  be  precipitated 
from  solutions  of  arsenic  acid  by  means  of  hydrogen  sulphide, 
because  the  arsenic  acid  is  first  reduced  to  arsenious  acid  by  means 
of  sulphuretted  hydrogen,  which  latter  substance  is  oxidized  to 
sulphur,  as  a  consequence  a  mixture  of  arsenic  trisulphide  and  sul- 
phur is   produced.* 

Arsenic  pentasulphide  dissolves  in  the  sulphides,  sulphhydrates 
or  hydroxides  of  the  alkalis  to  form  sulpharsenates — it  acts  as  the 
anhydride  of  sulpharsenic  acid: 

A2  S5  +  2  K  SH  =  2  As  8,  K  +  Hj  S. 

The  sulpharsenates  are  derived  from  three  sulpharsenic  acids, 
orthosulpharsenic  acid,  As  S4  H3,  corresponding  to  orthoarsenic  acid, 
As  O4  H3,  metasulpharsenic  acid.  As  S3  H,  corresponding  to  meta- 
arsenic  acid.  As  Oj  H;  and  pyrosulpharsenic  acid,  Asa  Sj  H4, 
corresponding  to  pyroarsenic  acid,  Asj  0^  H4.  When  an  acid  is 
added  to  a  solution  of  a  sulpharsenate,  orthosulpharsenic  acid  is  pre- 
cipitated : 

As  S,  K3  +  3  H  CI  =  As  S,  H3  +  3  K  CI. 

This  orthosulpharsenic  acid,  when  boiled,  changes  to  the  pentasul- 
phide of  arsenic  and  hydrogen  sulphide,  just  as  the  orthoarsenic 
acid  changes  to  arsenic  pentoxide  and  water  at  a  red  heat. 

2  As  S,  H3  =  As2  S5  +  3  Hj  S 
2  As  O,  H3  =  AS2O5  +  3  Ha  O. 

When  arsenic  trisulphide  is  dissolved  in  the  sulphides  of  the  alkalis 
containing  an  excess  of  dissolved  sulphur, f  the  mlpharsenates  are 
found  in  the  solution;  the  superfluous  sulphur  sulphurizes  the  tri- 
sulphide just  as  oxygen  oxidizes  the  trioxide;  the  pentasulphide 
so  formed  of  course  produces  the  sulpharsenate  by  union  with  the 

metallic  sulphide: 

As2  S5  +  Kj  S  =  2  As  S3  K. 

The  following  table  shows  the  most  important  facts  discussed  in 
this  chapter: 

*  Hg  As  O4  ^  Hs  S  =  Hs  As  Og  -r  Ut  O  -I-  S.  Zlmmemuuiii  states  that  if  tbe  solntioa 

of  arsenic  acid  is  boiling  the  pentasulphide  is  precipitated. 
t  See  foot-note  page  151. 
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OXIDES. 


Ass  Os,  forms  no  acids,  forms  met^a-arsenftes,  M  As  Oa.  and orthoarsenites,  Ms  As  Ob. 
(  As  Og  H,  meta-arsenic  acid,  forms  meta-arsenates. 
s  O5  -^  As  O4  Ha,  ortho-arsenic  acid,  forms  ortho-arsenates. 
(  Ast  O7  H4,  pyro-arseulc  acid,  forms  pyro-arsenates. 


As 


HALOGENE    COMPOUNDS. 


Arsenic  forms  tri-halogene  compounds.  As  Xg,  but  no  penta-balogene  compounds,  As  X5. 
The  trl-halogene  compounds  are  decomposed  by  an  excess  of  water,  forming  arsenic  trl^ 
oxide  and  halhydric  acids:    2  As  Xg  +  3  Hs  O  =  Asg  Og  +  6  U  X. 


SULPHIDES. 


Ass  Sg,  forms  no  acids,  forms  meta-sulpharsenltes,  M  As  Sg,  ortbo-sulpharsenites^ 
Mg  As  Sg,  and  pyro-sulpharsenites,  M4  Asg  Sg. 

wblcb  yields .  |  M  4  As  g  S  7 ,  py ro-sulpharsenates. 


Meta-salts. 

Ortho-salts. 

Pyro-salts. 


Arsenltes  and  Sulpharsenltes. 


M  AsOg.M  AsSg. 
Mg  As  Og,  Mg  As  Sg. 
,  M4  ASg  Sg. 


Arsenates  and  Sulpharseuates. 


MAsOg.M  AsSg. 
Mg  ASO4.  Mg  ASS4. 
M4  Asg  O7,  M4  Asg  S7. 
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CHAPTER  XXXIV 


AXTIMOXY    AXD    STIBIXE.      THE    COMPOUXDS  OF    AXTI 

MOXY  WITH  THE  HALOGEXES. 

Antimony,  Sfjtnbo!  Sb,  atomic  tceight  120.     Stibin^,  formula   Sb  E : 
specific  graviffj  not  determined. 

Bat  little  antimony  is  found  as  the  naturally  occurring  udcoil- 
bined  element;  it  is  most  frequently  encountered  combined  will 
sulphur  in  the  mineral  stibnite,  Sbj  S,,  a  lead  gray  substance  witl. 
metallic  lustre,  from  which  most  of  the  antimony  of  commerce  i- 
obtained.  Stibnite  has  been  known  since  the  most  ancient  time?. 
It  is  mentioned  by  Dioscorides  as  ffrtfi'it  and  by  Pliny  as  j^ibium. 
It  was  mainly  u.-^  in  medicine  for  external  application,  but  it 
also  formed  a  pigment  for  blackening  the  eyebrows.  The  nanit 
antimonium  was  applied  to  it  at  a  later  date.  The  element  and  ib 
compounds  interested  the  immediate  successors  of  the  alcliemi>t* 
greatly  for  they  thought  them  to  be  most  wonderful  and  potent 
medicinal  remedies. 

Antimony  is  prepared  from  its  sulphide  by  one  of  two  comm«>u 
metallurgical  processes:  the  compound  is  either  melted  with  iron,  by 
which  means  ferrous  sulphide  and  antimony  are  produced,  or  it  i^ 
roasted  in  a  draught  of  air,  the  sulphur  burned  off.  and  the  result Idl^ 
oxide  of  aiitimouy  (^Sbj  O4)  further  heated  with  charcoal,  where- 
upon antimoDv  and  carVjon  monoxide  are  formed. 

Antim-iiiv  L?  much  more  metallic  in  its  nature  than  is  arsenic: 
its  appearance  indicates  this,  for  it  is  si  Iyer  white,  with  a  metallic 
lu.-tre;  the  mortal  is  neither  malleable  nor  ductile,  has  a  crystalline 
structure,*  i:^  brittle  and  easily  pounded  into  a  fine  powder:  it  melt.- 
at  425"  and  is  vap  prized  at  a  hijrh  red  heat.T  The  specific  gT*^^^.^ 
of  the  yajior  of  antimony  at  1437°  is  12.4.  This  number  is,  proba- 
bly by  mere   accident,  the  one  which   should  be  found  were  ibc 

•Ad  aiiiorplijus  form  of  aniiin  jny  has  also  been  described. 

'^This  ra(>.>r.z^tiori  is  niu?b  retarded  if.the  element  b  coTcrdd  witb  a l«jvr  of  oxMle. 
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molecule  of  antimony  Sbg,  so  that  antimony  certainly  has  no  stable 
molecules  of  the  formula  Sh^  corresponding  to  those  of  arsenic  and 
phosphorus,  As^  and  P^.  Probably,  were  it  possible  to  ascertain  the 
■specific  gravity  of  antimony  at  about  1800°,  we  would  find  a  value 
which  would  indicate  molecules  formed  of  Sbg,  or  perhaps  even  of 
the  individual  atoms. 

Antimony,  when  heated  to  a  high  red  heat  in  air  or  in  oxygen, 
burns  to  form  the  trioxide,  Sbg  O3;  it  unites  with  the  halogenes 
in  the  same  way,  powdered  antimony  even  glows  vigorously  when 
-dropped  into  a  flask  containing  chlorine,  while  the  trichloride, 
Sb  CI3,  is  produced.  Antimony  shows  its  metallic  nature,  chemically, 
by  dissolving  in  hydrochloric  or  sulphuric  acid;  with  the  former, 
it  produces  the  trichloride  and  hydrogen,  with  the  latter  the  sul- 
phate of  antimony  and  sulphur  dioxide,  for  as  dilute  sulphuric  acid, 
-does  not  attack  the  element,  reduction  of  the  hot  and  concentrated 
acid,  takes  place  exactly  as  it  does  when  that  substance  is  heated 
in  contact  with  copper.     (See  pages  72  and  133). 

Nitric  acid  oxidizes  antimony,  as  it  did  phosphorus  or  arsenic, 
but  the  reaction  varies  according  to  the  temperature,  concentration 
and  mass  of  the  acid,  where  the  latter  is  cold  and  dilute,  antimony 
trioxide  is  formed;  as  the  temperature  is  increased,  or  the  acid 
becomes  more  concentrated,  antimonic  acid  begins  to  be  produced 
until,  under  proper  conditions,  this  may  be  the  entire  result  of  the 
oxidation,  of  course  the  nitric  acid  is  reduced  at  the  same  time. 
(See  page  198). 

Antimony  is  an  ingredient  of  a  number  of  commercially  very 
important  alloys.  A  combination  produced  by  fusing  two  or  more 
metals  together  is  called  an  alloy.  Some  metals  can  be  alloyed 
with  each  other  in  all  proportions,  others  only  partially,  while  some 
will  not  mix  at  all;  an  exactly  parallel  case  is  found  in  the  behavior 
of  ordinary  liquids,  some  of  which,  like  alcohol  and  water,  can  be 
mixed  in  any  ratio,  others,  like  water  and  ether,  will  only  partially 
dissolve  each  other,  while  lastly,  some  oils  and  water  remain  entirely 
separate.  The  question  as  to  whether  alloys  are  mere  mechanical 
mixtures  of  fused  metals,  or  whether  they  have  the  character  of  chem- 
ical compounds  has  been  the  subject  of  continued  discussion  and, 
indeed,  the  same  may  be  said  of  solutions,  which  latter  certainly  have 
not  the  characterists  of  mere  mechanical  mixtures.     The  facts  sus- 
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taining  the  theory  of  chemical  combination  are  as  follows.  An  alloy 
has  a  specific  gravity  different  from  the  mean  of  the  specific  gravities 
of  the  component  metals  and  a  melting  point  which  also  is  not  the  mean 
of  the  melting  points  of  constituents.  The  fusing  point  of  a  metal 
is  generally  diminished  by  being  alloyed,  and  some  alloys  melt  at  a 
temperature  much  below  that  at  which  any  of  the  constituents 
fuse.  Heat  is  given  off  in  the  formation  of  alloys  *  while  many 
have  a  definite  crystalline  form.  Nevertheless  those  alloys  which 
are  produced  by  metals  which  mix  in  any  proportion  do  not  have 
that  characteristic  which  is  supposed  to  be  the  sine  qua  non  of  a 
chemical  compound — the  definite  composition  by  weight — nor  can 
they  be  separated  into  their  constituent  parts  by  simple  mechanical 
means.  The  former  discrepancy  is  explained  by  the  theory  that 
certain  definite  compounds  of  the  metals  are  really  formed,  but  that 
these  are  further  dissolved  in  the  excess  of  one  or  the  other  of  the 
constituents.  This  theory  is  borne  out  by  the  fact  that  many  such 
alloys  on  being  slowly  cooled,  allow  mixtures  of  a  definite  crystal- 
line form  and  gravimetric  composition  to  separate  in  the  same  way 
as  ordinary  solid,  chemical  compounds  can  be  crystallized  from  solu- 
tions, f  Those  metals  which  are  chemically  most  like  each  other 
generally  mix  most  easily  to  form  alloys.  Most  metals  are  white 
or  grey  and  most  alloys  are  also  white  or  grey;  copper  and  gold 
are  red  and  yellow  respectively,  their  alloys  present  modifications 
of  these  colors  unless  the  admixture  of  the  added  metal  is  so  great  in 
quantity  as  to  entirely  conceal  this  characteristic.  Amalgams,  as 
we  have  already  seen,  are  alloys  containing  mercury.  They  are 
easily  fused  if,  indeed,  they  are  not  soft  at  ordinary  temperatures, 
the  mercury  evaporates  when  the  amalgam  is  heated  to  the  boiling 
point  of  that  element. ;|;  Some  amalgams  have  a  definite  crystalline 
form  and  chemical  composition.  If,  as  seems  unavoidable,  we 
regard  alloys  as  chemical  compounds,  we  must  nevertheless  belieye 
that  they  certainly  cannot  be  classed  with  substances  ordinarily  con- 
sidered as  such,  on  the  other  hand  their  existence  is  a  constant  argu- 
ument  against  a  too  dogmatic  conception  of  the  laws  of  definite  pro- 
portions and  of  valence. 

*  Fused  zinc  and  fused  copper  when  mixed  with  each  other  liberate  so  much, 
heat  that  the  mass  may  spatter  out  of  the  containing  crucible, 
t  Rudberg,  Poggendorff's  Annalen  18,  page  3i. 
t  In  that  way  amalgams  resemble  crystals  with  water  of  crystallization. 
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The  most  important  alloy  of  antimony  is  composed  of  one  part  of 
that  metal  to  four  of  lead,  this  substance  is  used  as  type  metal, 
copper  and  bismuth  are  occasionally  added  to  this;  the  metal  used 
for  stereotyping  also  contains  tin. 

The  hydrogen  compound  of  antimony  is  called  stibine.  It  is 
produced,  like  arsine,  by  the  action  of  acids  on  the  alloy  of  anti- 
mony and  zinc  *  or  by  the  action  of  nascent  hydrogen  on  soluble 
compounds  of  antimony,  the  gas  is  therefore  produced  by  the 
same  means  which  furnish  arsine,  as  a  consequence  the  latter  may 
contain  stibine  unless  care  is  taken  to  exclude  that  gas;  in  fact 
stibine  may  be  mistaken  for  arsine  unless  especial  precautions  are 
taken  to  distinguish  between  the  two/* 

Stibine  is  a  colorless  and  odorless  gas,  scarcely  soluble  in  water. 
As  would  be  expected,  owing  to  the  metal- like  nature  of  antimony, 
this  gas  is  much  less  stable  than  arsine,  it  can  be  compared  ta 
hydrogen  telluride  (page  99)  in  this  respect,  for  it  partially  decom- 
poses into  antimtoy  and  hydrogen,  even  at  — 56°.  From  this 
instability  it  follows  that  stibine  cannot  be  obtained  free  from 
hydrogen  at  ordinary  temperatures.  Stibine  changes  to  a  liquid  at 
— 91.5°  and  solidifies  at  — 102.5°,  forming  a  snow  like  mass;  when 
passed  through  a  heated  glass  tube  it  decomposes  into  antimony  and 
hydrogen,  just  as  arsine  does  into  arsenic  and  the  latter  element;  the 
antimony  is  deposited  in  the  form  of  a  mirror  which  is  more  metallic^ 
in  appearance  than  is  the  one  formed  of  arsenic  and  which  further- 
more is  not  readily  votalized.  When  lighted,  stibine  burns  with 
a  white  flame,  giving  off  a  dense  smoke  of  the  trioxide  of  antimony; 
a  spot  of  metallic  antimony  will  form  on  a  cold  porcelain  plate  held 
in  the  flame.  Of  course  chlorine,  bromine  or  iodine  attack  stibine,. 
producing  the  corresponding  halogene  compound  of  antimony. 

As  the  basic  properties  of  the  hydrogen  compounds  of  the  ele- 
ments of  this  family  have  disappeared  when  arsine  is  reached,  it 
follows  that  stibine  can  form  no  salts  corresponding  to  those  of 
ammonium  and  phosphonium. 

Another,  solid,  compound  of  antimony  and  hydrogen  has  been 
described,  to  this  the  formula  Sb^  H  has  been  ascribed,  its  existence, 
however,  is  doubtful. 


*  The  alloy  consists  of  three  parts  zinc  to  two  of  autimouy. 

16 
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Antimony  forms  two  series  of  compounds  with  the  halogenes, 

Sb  Xs  and  Sb  Xg,  they  correspond  to  those  of  phosphorus. 

SbFs,  solid. 

Sb  Olsf  solid;  soft  crystalline  mass,  melts  73%  boils  233%  specific  gravity  air  =  l  is  8 

Sb  Bra,  solid;  melts  90*.  boils  265.* 

Sb  Is,  solid;  boils  420.* 

Sb  Fs,  not  crystalline,  gum-like  mass. 

Sb  Ols,  fluid;  melts  — 6,  can  be  distilled  without  decomposition  in  a  vacuum. 

Sb  Is,  solid;  melts  78*  and  decomposes  when  heated  to  a  higher  temperature. 

The  trihalogene  compounds  can  be  produced  by  direct  union  of 
the  elements,  and  the  pentahalogene  compounds  by  addition  of  halo- 
genes  to  the  trihalogene  compounds.  The  trichloride  has  been 
most  thoroughly  studied  and  its  chemical  behavior  will  serve  as  an 
example  for  that  of  the  other  haloid  compounds.  The  trichloride 
is,  as  would  be  expected,  much  less  readily  decomposed  by  water 
than  the  corresponding  trichloride  of  arsenic,  indeed,  it  can  even 
be  dissolved  in  tolerably  dilute  hydrochloric  acid  without  decom- 
posing. When  it  is  added  to  water  it  does  not  completely  break 
down,  but  changes  into  a  so-called  basic  salt. 

A  basic  salt  is  one  which  is  formed  by  the  interaction  of  less 
of  the  acid  and  more  of  the  base  than  is  necessary  to  form  the 
normal  salt. 

We  can  consider  all  oxides  of  the  metals  which  act  as  bases  as 
being  derived  from  the  corresponding  hydroxides  by  loss  of  water, 
the  manner  of  formation  being  similar  to  that  of  the  anhydrides: 

Ha  SO,  —  Ha  O  =  SOj;  Ca  (OK),  —  Ha  O  =  Ca  O, 
2  P  (0H)3  —  3  Ha  O  =  Pa  Oa;  2  Fe  (0H)8  —  3  Ha  O  =  Fea  Oj. 

With  this  in  mind  we  can  define  a  basic  salt  as  one  in  which  only 
a  portion  of  the  hydroxyle  groups  of  a  base  have  reacted  with  an 
acid  to  form  a  salt  and  water;  it  is  therefore  the  reverse  of  a 
so-called  acid  salt,  (page  137  and  foot  note)  in  which  only  a  portion 
of  the  hydrogen  in  an  acid  has  been  replaced  by  a  metal.  The  same 
nomenclature  can  therefore  be  adopted  with  both  classes  of  salts  and 
the  terms  primary,  secondary  and  tertiary  basic  salts  can  be  used. 
When  water  is  added  to  the  trichloride  of  antimony  the  following 
reaction  takes  place : 

CI  +  HOH  r  OH 

Sb  ^  CI  +  HOH  =     Sb  ^  OH  +  2  H  CI. 
CI  (.CI 
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The  compound  8b  (0H)2  CI  is  therefore  the  primary  basic  chlor- 
ide of  antimony;  the  two  hydroxy le  groups  contained  therein  can 
afterward  separate  water,  as  follows: 

Sb  j  OH  =     Sb  j  ^j+  ^2  O. 

The  compound  Sb  O  CI  is  therefore  also  a  basic  salt.     In  this  case 

the  group  of  elements  Sb  O  is  a  radical  which  chemically  resembles  a 

monovalent  metal,  as  a  comparison  of  the  following  formulae  will 

make  clear: 

(Sb  O)  CI,* 

Na  CI, 

KCl.      * 

The  monovalent  radicle  Sb  O  is  sometimes  called  stibionyl  and 
is  quite  frequently  encountered  in  the  basic  salts  of  antimony,  such 
an  instance  is  found  in  the  formula  of  the  sulphate :  (Sb  0)2  SO4. 

Those  metals  which  have  not  a  very  pronounced  metallic  char- 
acter are  the  ones  which  form  basic  salts,  metals  like  sodium, 
potassium  or  calcium  do  not  so  so. 

Antimony  trichloride  can  combine  with  the  chlorides  of  a  number 
of  metals  to  form  double  chlorides  with  formulae  like  the  following, 
Sb  CI3  3  K  CI,  more  extended  mention  of  these  will  be  made  in  the 
chapter  on  aluminum. 

The  pentachloride  of  antimony  is  an  unexpectedly  stable  com- 
pound; it  can  be  boiled  in  a  vacuum  without  change  and,  further- 
more, it  is  not  decomposed  by  cold  water  but  forms  a  crystalline 
substance  containing  the  latter  compound  as  water  of  crystallization. 

*More  complicated  basic  chlorides  than  this  one  also  exist,  for  their  study  the 
student  must  refer  to  a  larger  work. 
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CHAPTER  XXXV. 


THE    COMPOUNDS    OF   ANTIMONY    WITH    OXYGEN    AND 
WITH  OXYGEN  AND  HYDROGEN.    THE  SUL- 
PHIDES OF  ANTIMONY. 

Antimony  forms  the  following  oxides,  Sbg  O3,  Sbg  O^,  SbjOg,  only 
the  last  one  of  these  is  a  pronounced  acidic  anhydride,  indeed,  the 
trioxide  acts  as  a  base  when  brought  in  contact  with  pronounced 
acids. 

Antimony  trioxide  is  found  in  nature  as  the  mineral  senarmontite. 
It  can  be  formed  by  burning  antimony  or  by  oxidizing  the  element 
with  dilute,  boiling  nitric  acid.  Chemically  it  acts  just  like  the 
corresponding  oxide  of  arsenic,  it  dissolves  in  alkaline  hydroxides  to 
form  meta-antimonites: 

Sba  O3  +  2  KOH  =  2  Sb  O2  Na  +  Ha  O. 

Two  hydroxides  derived  from  this  oxide  are  known,  one,  which 
might  be  called  pyro-antimonous  acid,  has  the  formula,  Sb  O5  H4, 
the  other  is  the  normal  hydroxide,  Sb  (0H)8;  corresponding  to 
orthophosphorous  acid,  P  (0H)3.  Antimony  trioxide  dissolves  in 
pronounced  acids  to  form  salts  in  which  antimony  is  the  metal,  so, 
for  instance,  it  produces  the  trichloride  with  hydrochloric  acid: 

Sbg  O3  +  6  H  CI  =  2  Sb  CI3  +  3  H^  O. 

The  salts  formed  with  other  than  the  halhydric  acids  are  basic 
ones,  insoluble  in  water  while  the  trichloride,  formed  by  the  above 
reaction,  is  also  converted  into  the  insoluble  basic  cloride  by  add- 
ing water  to  the  acid  solution  (see  page  242).  Antimony  trioxide 
is  easily  reduced  to  the  metal  by  heating  with  charcoal  or  iu 
hydrogen.  When  heated  in  the  air  it  takes  up  oxygen  and 
changes  to  the  tetroxide,  Sbj  O4,  which  substance  is  likewise 
formed  from  the  pentoxide  by  heating,  so  that  Sbj  O4  is  the  most 
stable  of  the  oxides  of  antimony.  The  trioxide  is  but  little  soluble 
in  water. 
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The  pentoxide  of  antimony,  Sbg  O5  is  produced  by  oxidizing  anti- 
mony with  fuming  nitric  acid,  (page  193)  or  with  aqua  regia  (page 
193);  it  loses  oxygen  at  red  heat  and  changes  into  the  tretroxide, 
Sbj  O4. 

The  basic  properties  of  Sb.^  Og  have  been  entirely  destroyed  by 
adding  the  two  oxygen  atoms  necessary  to  form  Sbg  O5, — so  that 
the  latter  substance  forms  no  salts  with  acids. 

The  following  acids  derived  from  antimony  pentoxide  are  known, 
they  correspond. to  those  of  phosphorus  and  of  arsenic,  and  are: 

Sb  O3  H,  meta-antimonic  acid , 

Sb  O4  Hg,  ortho-antimonic  acid, 

Sbg  0^  H4,  pyro-antimonic  acid, 

and  Sba  O9  Hg,  a  hydrated  pyro-antiraonic  acid  formed  as  follows: 

Sb2  O,  H,  +  2  H2  O  =  Sba  O9  Hg. 

The  acid  Hg  Sbg  O9  changes  into  ortho-antimonic  acid  on  standing 
with  water;  it  is  converted  into  pyro-antimonic  acid  at  100°;  pyro- 
antimonic  acid  forms  meta-antimonic  acid  at  200°  and  this  is  finally 
converted  into  the  anhydride  Sba  O5  at  300°. 

Only  two  sulphides  of  antimony,  Sbg  S3  and  Sb2  S5  are  known 
with  certainty.  They  are  entirely  analogous  to  the  corresponding 
arsenic  compounds. 

The  trisulphide,  Sbg  S3,  has  already  been  mentioned  as  the  min- 
eral antimonite.  On  roasting  in  a  current  of  air  it  is  changed, 
first  into  the  trioxide,  Sbj  O3,  and  then  into  the  tetroxide  Sbj  0^, 
The  amorphous  sulphide  is  produced  by  the  addition  hydrogen 
sulphide  to  an  acidified  solution  of  antimony  trioxide,  just  as  the 
corresponding  arsenic  compound  is  formed.  It  is  dark,  orange 
colored  powder,  insoluble  in  water  or  dilute  acids,*  soluble  in 
alkaline  hydroxides  or  sulphides,  by  disolving  in  the  latter  it  forms 
an  ortho-sulphantimonite,  in  this  way  antimony  differs  from  arse- 
nic, which  produces  the  metasulpharsenite  under  similar  cir- 
cumstances. ^ 

Sba  S3  +  6  KSH  =  2  Sb  S3  K3  +  3  H2  S.f 

*  Under  certain  conditions  antimony  trisulphide  can  be  obtained  In  a  from 
which  is  soluble  in  water.    Schulze,  Journal  fiir  Praktlsche  Ohemie,  [2]  27,  320. 
t  Compare  with  the  following 

Sbj  Og  +  6  KOH  =  Sb  O,  Kb  +  3  Hj  O. 
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(The  reaction  for  the  formatioo  of  antimonite  and  sulphantimonite 
by  dissolving  Sbj  Sg  in  alkaline  hydroxides  is  given  under  arsenic, 
page  235,  foot  note) .  When  the  alkaline  sulphide  contains  dissolved 
sulphur,  the  sulphantimonate  is  produced,  just  as  is  the  case  with 
arsenic. 

Antimony  pentasulphide  can  be  formed  by  adding  sulphuretted 
hydrogen  to  a  solution  containing  antimonic  acid;*  it  bears  a  com- 
plete resemblance  to  the  corresponding  arsenic  compound,  dissolving 
in  alkaline  sulphides  or  hydroxides  to  form  sulphantimonates,  the 
majority  of  which  are  salts  of  the  ortho  aci'^  Hg  Sb  S^ .  Only  the 
salts  of  the  alkalis  and  alkaline  earths  f  are  soluble  in  water.  The 
pentasulphide  of  antimony  is  precipitated  and  hydrogen  sulphide  is 
formed  when  acids  are  added  to  solutions  containing  the  sulphanti- 
monates . 

It  is  scarcely  necessary  to  add  a  table  of  the  antimony  compounds, 
as  they  correspond  so  completely  to  those  of  arsenic,  one  fact  can  be 
reiterated,  namely  that  antimony  can  form  pentahalogene  derivatives 
while  arsenic  is  unable  to  do  so. 

— 

•  Difference  between  antimony  and  arsenic. 

fThe  alkaline  earths  are  calcium,  barium  and  strontium. 
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CHAPTER  XXXVI. 


BISMUTH.    THE  COMPOUNDS  OF  BISMUTH  WITH  THE 

HALOGENES,  WITH  OXYGEN,  WITH  OXYGEN 

AND  HYDROGEN  AND  WITH  SULPHUR. 

Bismuth.    Simhol  Bi,    Atonic  weight  208.9. 

Bismuth,  the  element  having  the  highest  atomic  weight  in  this 
family  is,  as  would  be  expected,  entirely  a  metal,  although  its 
compounds  correspond  in  formula  to  those  of  the  other  members. 

The  metal  is  found,  generally  uncombined,  in  company  with  cobalt, 
nickel,  silver  and  lead  ores,  in  gneiss  and  other  crystalline  rocks 
and  in  clay  slate.  The  most  frequent  compound  is  the  oxide  BigOg 
which  occurs  in  earthy  masses  called  bismite;  the  sulphide,  bis- 
muthinite,  Big  Sg  and  the  telluride,  tetradymite,  Big  (Te  8)3  are  also 
met  with. 

It  has  not  been  ascertained  with  certainty  how  early  in  the  history 
of  metallurgy  bismuth  became  known;  it  was  formerly  confused  with 
a  number  of  minerals,  all  of  which  went  by  the  name  of  marcasite. 
It  first  became  known  as  a  new  metal  in  the  fifteenth  century,  and 
was  called  hisemat  or  wisemutum,  but  was  even  then  confounded 
with  antimony;  at  the  end  of  the  eighteenth  century,  however,  it 
was  universally  considered  to  be  a  metal. 

Bismuth,  like  antimony,  is  prepared  from  its  ores  by  roasting  the 
sulphide  with  iron  or  the  oxide  with  charcoal.  The  metal  which 
finds  its  way  into  commerce  contains  small  quantities  of  arsenic  and 
iron;  the  natural  metal  is  nearly  chemically  pure.  The  bismuth, 
which  is  to  be  used  in  the  preparation  of  compounds  intended  for 
pharmaceutical  purposes,  is  subjected  to  special  processes  of  purifica- 
tion, for  all  arsenic  must  be  removed  from  it. 

Bismuth  is  a  reddish  metal  with  a  pronounced  metallic  lustre 
and  a  coarse  crystalline  structure.  Its  specific  gravity  is  9.8.  The 
metal  is  brittle,  neither  malleable  nor  ductile  and  can  readily  be 
pounded   into   a  powder.     It   melts   at   270°  and,  in   solidifying, 
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expands  just  as  water  does  in  forming  ice.  It  boils  at  about  1400°; 
the  specific  gravity  of  its  vapor  at  white  heat,  (1600° — 1700°)  is 
10.1.  The  calculated  specific  gravity,  were  the  molecule  Bij,  is 
14.4,  and  is  7.2  if  the  same  were  composed  simply  of  individual 
atoms;  as  the  number  10.1  is  less  than  that  which  would  be  found 
were  the  molecule  diatomic,  as  in  Big ,  it  follows  that  the  vapor  of 
bismuth  consists,  in  part  at  least,  of  the  individual  atoms.  At  a 
slightly  higher  temperature  than  that  of  the  experiment  the  molec- 
ular and  atomic  weights  of  bismuth  would  probably  be  identical. 

Dilute  hydrochloric  or  sulphuric  acids  do  not  attack  bismuth, 
concentrated  hydrochloric  acid  has  but  little  effect;  hot  and  concen- 
trated sulphuric  acid  dissolves  it,  forming  the  sulphate  of  bismuth 
and  sulphur  dioxide,  (see  page  133);  nitric  acid  quite  readily 
forms  the  nitrate,  while  it  is  itself  reduced.     (See  page  198.) 

A  number  of  alloys  of  bismuth  are  commercially  important; 
they  all  have  low  melting  points,  for  example  a  mixture  of  five  parts 
of  bismuth,  three  of  lead,  two  of  tin  and  three  of  cadmium  fuses 
at  65°.  One  of  the  chief  uses  of  these  alloys  is  in  the  copying  of 
wood  cuts  and  in  stereotyping. 

The  halogenes  form  the  following  compounds  with  bismuth: 

Bi  Fs  bismuth  trlfluoride, 
Bi  CI 8  bismuth  trichloride, 
Bi  Brs  bismuth  tribromide, 
Bi  Is  bismuth  tri-iodide. 

All  of  these  compounds  are  solid  bodies  at  ordinary  temperatures.    The 
existence  of  other  halogene  derivatives  is  doubtful. 

The  trihalogene  compounds  can  either  be  formed  by  the  direct 
union  of  bismuth  with  chlorine,  bromine  or  iodine,  or  by  dissolving  the 
trioxide,  Big  O3,  in  concentrated  halhydric  acids,  this  oxide  of  bis- 
muth being  entirely  basic  in  its  character.  The  chloride  or  bromide 
of  bismuth  can  be  dissolved  in  very  little  water  or  in  acids;  they, 
however,  decompose  on  the  addition  of  an  excess  of  water  just  as 
do  the  corresponding  antimony  compounds,  (see  page  242)  while  at 
the  same  time  the  insoluble  basic  chloride  or  bromide  is  formed: 

rci  rOH 

Bi  ^  Cl  +  2  H2  O  =     Bi  ^  OH  +  2  H  Cl, 

(ci  (ci 

(^^  (o 

BijOH  =      Bij^j+HaO. 
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The  iodide  of  bismuth  is  decomposed  only  by  boiling  water,  it  is 
insoluble  in  cold  water.  The  halogene  compounds  of  bismuth  form 
a  number  of  double  salts  which  will  be  discussed  later;  these  double 
salts  are  of  the  formula 

Bi  CI3,  2  K  CI  and  Bi  CI3,  K  CI. 

The  following  oxides  of  bismuth  are  known : 

Bl  O,  bismuth  monoxide,  brownish  black,  crystalline  powder, 
BI2  Oa,  bismuth  trloxide,  light  yellow  powder. 
Big  O4,  bismuth  tetroxlde,  dark  brown  powder. 
Big  06,  bismuth  pentoxlde,  brown  powder. 

None  of  these  oxides  are  the  anhydrides  of  acids.  The  one  with 
least  oxygen,  Bi  O,  is  produced  by  the  reduction  of  salts  derived 
from  the  oxide  Big  O3;*  it  is  insoluble  in  water  and,  when  dry, 
oxidizes  in  the  air  so  readily  that  while  producing  the  trioxide  the 
compound  burns  like  a  piece  of  tinder. 

Bismuth  burns  at  a  high  red  heat,  forming  the  trioxide.  Big  O3. 
This  substance  can  more  readily  be  prepared  by  the  addition  of 
potassium  hydroxide  to  a  solution  of  a  bismuth  salt.  The  first 
product  formed  is  the  hydroxide,  Bi  (0H)3,  which  is  insoluble 
in  w^ater. 

Bi  (N03)3  +  3  KOH  =  Bi  (0H)3  +  3  KNO3. 

This  reaction  is  a  usual  one  with  most  metals,  for  by  far  the 
greater  number  of  metallic  hydroxides  are  insoluble  in  water.  The 
following  reactions  are  typical : 

Fe  SO,  +  2  KOH  =  K^  SO,  +  Fe  (0H)„ 
Cu  SO,  +  2  KOH  =  K2  SO,  +  Cu  (OH)^, 
Mg  (N03)a  +  2  KOH  =  K,  SO,  +  Mg  (OH)^. 

In  each  of  these  cases  the  insoluble  hydroxide  is  precipitated  by 
the  addition  of  a  soluble  hydroxide  to  the  salts  of  the  metals.  The 
hydroxides  of  the  alkalies  are  the  only  ones  which  are  perfectly 
soluble  in  water,  those  of  the  metals  calcium,  barium  and  stron- 
tium are  partially  so,  all  others  are  insoluble.  Those  hydrox- 
ides of  the  metals  which  are  not  dissolved  by  water  are  gener- 
ally converted  into  the  corresponding  oxides  by  the  application 
of  a  very  moderate  heat.     The  hydroxide  of  bismuth  loses  water 

•By  treating  solution  of  chloride  of  bismuth.  In  hydrochloric  acid,  with 
stannous  chloride,  Su  Cla- 
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below  100°,  and  is  converted  into  a  compound  having  the  form- 
ula Bi  O2  H  * 


^'[^=    ^^{Sh+^^' 


and  this,  lastly,  at  boiling  heat,  is  changed  to  the  trioxide. 

2  Bi  O2  H  =  Big  O3  +  H2  O, 

just  as  nitrous  acid  changes  into  water  and  Nj  Os. 

The  various  salts  of  bismuth  are  produced  by  dissolving  the 
oxide  or  the  hydroxides  in  acids.  The  chloride  has  already  been  dis- 
cussed, the  only  other  ones  we  need  mention  are  the  nitrate  and 
sulphate. 

Bismuth  Xitbate.—  Bi  (NOj),  +  5  H,  O.    Prepared  by  dissolv- 

ing either  the  element  bismuth  ortheoxide^ 
or  one  of  the  hydroxides  in  nitric  acid. 
Bi,  Os  +  6  HNO,  =  2  Bi  (NO,),  +  3  H,  0. 
Clear,  large  crystals  which  melt  at  80**  in 
their  water  of  crystallization  and  which  then 
give  off  nitric  acid,  forming  the  basic  nitrate 
at  120°. 

Basic  Bismuth  Nitrate.— (Subnitrate  of  bismuth)  Bi  ONOj  +  H,  Ot 

or 

roH 
Inc.. 

Formed  by  decomposing  the  nitrate  with 
hot  water.  Insoluble  in  water.  It  is  a 
primary  basic  salt  in  which  one  hydroxyle 
group  has  been  replaced  by  the  group  [NO,, 
on  heating  in  a  platinum  dish  it  changes  to 
the  oxide  Bi,  0„  giving  off  nitric  acid.  The 
salt  Bi  ONOj  can  be  considered  as  derived 
from  the  hydroxide  Bi  O,  H,  by  replacing 
the  hydroxyle  group  with  XOj. 

Big^  +  HNO,=    Bi^()^+H,0. 

The  subnitrate  of  bismuth  is  the  most  im- 
portant salt  of  bismuth,  being  extensively 
used  in  medicine. 


•  This  hydroxide  is  the  one  corresponding  to  nitrous  acid  N  Of  H. 
t  More  complicated  formulae  have  been  assigned,  for  these  a  larger  manual 
must  be  consulted. 
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Bismuth  Sulphate.—  Bi,  (804)3  +  7  Hj  O.    Prepared  by  dissolv- 

ing the  oxide  in  concentrated  sulphuric  acid 
and  then  adding  water.  At  100°  it  changes 
to  BI2  (SOJs  +  3  Hj  O.  Boiling  water 
changes  it  into  the  insoluble  basic  sulphate. 


s 


OBiO 

0  Bi  O  =  (Bi  0)2  SO4, 

O 


The  univalent  group  Bi  0  corresponds  to 
stibionyl,  (page  243). 

The  pentoxide  of  bismuth,  Bij  O5,  is  produced  by  oxidizing  the 
trioxide  by  means  of  hydrogen  peroxide.  It  is  an  orange  or  brown 
colored  powder  which  forms  but  one  hydroxide,  the  latter  corre- 
sponding to  the  meta  acids.  This  hydroxide,  Bi  O3  H,  is  changed 
to  the  oxide  Big  O5  on  heating.  Neither  the  oxide  or  hydroxide 
have  basic  or  acid  properties. 

Big  O4  has  been  considered  as  a  compound  formed  by  replacing 
the  hydrogen  of  Bi  O3  H  by  the  univalent  group  of  elements  Bi  O 
acting  as  a  metal. 

Bi  O  Bi  O3  =  Bia  0^. 

The  sulphides  of  bismuth  correspond  to  the  oxides  Bi  O  and  Big 
O3.  Bismuth  monosulphide,  Bi  S  is  of  little  importance.  Bismuth 
trisulphide  is  found  in  nature  as  the  mineral  bismuthinite.  It  can 
be  produced  by  fusing  bismuth  and  sulphur  together,  or  it  can  be 
formed  by  the  action  of  hydrogen  sulphide  on  a  solution  of  a  bis- 
muth salt: 

2  Bi  CI3  +  3  Hg  S  =  Big  S3  +  6  H  CI. 

The  sulphide  of  bismuth,  like  the  oxide,  has  no  resemblance  in 
its  action  to  the  acidic  anhydrides,  it  cannot  be  dissolved  in  the 
hydroxides  or  sulphides  of  the  alkalies  to  form  sulpho-salts.  On 
the  other  hand  it  is  readily  attacked  by  concentrated  hydrochloric 
acid  to  form  the  trichloride  of  bismuth  and  hydrogen  sulphide : 

Big  S3  +  6  H  CI  =  Bi  CI3  +  3  Hg  S. 

Nitric  acid  dissolves  it  to  form  the  nitrate  of  bismuth,  while  the 
hydrogen  sulphide  which  is  formed  is,  of  course,  oxidized  by  the 
excess  of  nitric  acid  to  form  sulphur  and  finally  sulphuric  acid. 
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The  elements  of  the  nitrogen  family,  as  we  have  seen,  show  the 
same  graduation  in  properties  with  increasing  atomic  weights  as  was 
displayed  by  the  elements  belonging  to  the  sulphur  group.  This  is 
best  brought  to  light  by  the  following  table: 


ATOMIC 

USUAL  PHYSICAL 

MELTING 

BOILING 

SPECIFIC 

NOT 

WEIGHTS. 

CONDITION. 

a  gas. 

POINTS. 

POINTS. 

GRAVITY. 

METALLIC. 

N  14.03 

—203' 

-193 



P31. 

yellow  solid,  eas- 
ily fused.* 

44"" 

250° 

1.82 

h 

As  75. 

steel  grey,  brittle 
crystalline, 

about  520"  t 

800»t 

5.76 

^  \ 

Sbl20 

silver  white,  brit- 
tle, crystalline. 

about  425° 

about  1100° 

6.77 

1   ' 

Bi  208.9 

redish  mettalic. 
brittle,  crystal- 
line. 

270° 

about  1600'. 

9.8. 

metallic. 

SPECIFIC  GRAVITY  OF  VAPORS. 


N.  air  =  l,     .9713,  H  =  2,  27.9.  D>olecule  Ng. 

P,       ■'  4.16,     H   '*    119  8,  molecule  P4.  at  white  heat,  ai r-=  1,3.  molecule  Pa. 

As.      •'  10.3,      H  "    296.6,   molecule  As 4;  at  1437°,  air  =  1,6.7,  molecules  As* 
and  Asg. 

Sb,      "  12.4,      H   •*    357.1,  molecule  probably  Sbfi. 

Bi,      "  10.1,      H  *•    290,  molecules  probably  partly  BIi  and  Bl  8. 


HYDROGEN  COMPOUXDS  X  H,,  X^  H^  ,X3  H. 


N 

P 

As 

Sb 

Bi 


NHs 
PHs 
As  Ha 
SbHs 


HKAT 

OF 
FORM- 
ATION. 

1 

1     STA- 
BILITY 

120  K 

43K 

-441  K 

V 

N8H4 
P8H4 

NaH 
P4H2 

AS2H8 


BASIC  PROPERTIES. 


NH8-f-HI  =  NH4l 

AsHa 

SbHs 


The  stabil- 
ity and  basic 
properties  di- 
minish witli 
increasing 
metallic  pro- 
perties of  ele- 
ments, only 
ammonia 
and  phos- 
phine  com- 
bine Willi 
acids  to  from 
salts.^ 


*Red  phosphorus  is  changed  to  yellow  at  261%  it  then  melts.  Specific  gravity, 
2.08  to  2.14. 

t  Arsenic  volatilizes  without  previously  melting,  unless  it  is  under  pressure. 

1:  Phosphine  forma  only  a  limited  number  of  phosphonium  salts,  these  are  decom- 
posed by  water.  The  compound  N>j  H4  forms  salts  with  acids,  Pa  H4  does  not.  NsH 
Is  acid  in  Its  character,  resembling  H  CI,  HBr  and  H  I. 
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CHLOKINE  OOMPOUNDS,  X  CI3 ,  X  CI5 


N 

NCls 

liquid,  explosive, 

*  Completely    d  e  c  0  m  - 

P 

As 

PCIs 
As  CI  8 

*'  decomposed  byHs  0* 
It           ••            «     if    « 

POIb 

Solid 

posed   by  water  as  fol- 
lows: 

• 

XCl8  +  3  Ha    0   = 

Sb 

SbCla 

solid        •'             •'     *•    + 

SbOlg 

Solid. 

X(0H)8  +3HCI. 

Bi 

Bid, 

it                           ••                              it          (i        X 

t  Partially  decomposed 

by  water,  forming  basic 

chlorides  as  follows : 

X  Clg  +  2  Ha  0   = 

X(0H)2  CI;  X(0H)2  Cl= 

XOCl+HaO. 

1 

The    penta  chlorides 
with  water   yield    phos- 
phoric or  an  timonic  acid. 

OXIDES,  HYDROXIDES,  SULPHIDES  AND  SULPHO  SALTS. 


Oxides. 
XaO.XaOa.XaOs. 

OXIDES. 


SULPHIDES. 


N2O 
NO 

NaOs 
Na04 
NsOb 


P*08 
P2O4 

PeOs 

AsaOs 

ASSO5 

SbaOs 
Sba04 
SbaOc 


BiO 
BiaOa 
BisO* 
BIjOb 


Pa  Ss 


P2S6 


AsaSa 
Asa  Ss 

Asa  S5 


Sba  Ss 


SbaSs 


Bia  Ss- 


The  acids  derived  from  the  oxides  Xa  Os  are  formed  according  to  the  types 
X  (OH)8,  orthoacids;  XOa  H,  metaacids;  H4  Xa  Ob,  pyroacids.  Nitrogen  only 
forms  the  meta-acids  and  salts  derived  from  this,  phosphorus  forms  only  the  ortho- 
acids,  but  salts  of  the  two  other  ones  are  known,  arsenic  f roms  no  hydroxides,  the 
salts  of  the  meta-arsenious  acid  are  the  most  frequent,  antimony  forms  the  hydrox- 
ides corresponding  to  the  ortho  and  pyroacid,  the  meta  antimonites  are  the  most 
frequent,  bismuth  forms  the  hydroxide  Bi  (OH)8 ,  it  has  no  acid  properties.  The 
tri  oxides  of  nitrogen  and  phosphorus  are  acidic  only,  those  of  arsenic  and  anti- 
mony are  both  basic  and  acidic,  that  of  bismuoh  Is  basic  only.  - 

The  pentoxldes  are  all  acidic  with  the  exception  of  that  of  bismuth,  which  Is 
neither  acidic  or  basic,  the  acids  derived  from  the  oxides  Xa  O5  are  formed  accord- 
ing to  the  types  XO4  Hs,  orthoacids;  XOs  H,  meta  acids;  Xa  H4  O7  pyroacids. 
Nitrogen  only  forms  the  meta  acid,  NOs  H,  bismuth  forms  one  hydroxide  BOs  H, 
not  acid  in  its  nature. 

The  sulphides  Asa  Ss  ,  Asa  Sr,  Sba  Ss  ,  Sba  S5  are  insoluble  In  water;  they  dis 
solve  in  allcaline  sulphides  to  form  salts  of  sulphoacids.    These  acids  are  exactly 
like  the  oxygen  acids  with  the  exception  that,  In  them,  sulphur  has  taken  the  place 
of  oxygen,  atom  for  atom.    The  sulphides  Pa  Ss  ,  Pa  Sb  are  decomposed  by  water., 
the  sulphide  Bia  Ss  has  no  acidic  properties. 
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CHAPTER  XXXVII. 


THE  ELEMENTS  OF  THE  CARBON  FAMILY. 

The  elements  of  the  carbon  family  are  carbon,  silicon,  german- 
ium, tin  and  lead.  The  same  changes  as  were  observed  in  the  pre- 
ceeding  family  are  caused  by  the  increase  in  the  atomic  weights 
belonging  to  the  elements  in  this  one,  but,  as  the  whole  family  is 
less  not-metallic  than  that  of  which  nitrogen  is  the  representative, 
only  two  of  the  elements,  namely  carbon  and  silicon,  can  form 
hydrogen  compounds;  the  transition  from  not-metal  to  metal  takes 
place  after  the  second  member  of  the  group. 

The  alterations  in  the  physical  properties  of  the  isolated  elements 
shows  this  increasing  metallic  character  for,  while  carbon  and  silicon 
Are  found  either  in  the  form  of  amorphous,  black  elements  or  crys- 
talline bodies  which,  in  the  case  of  diamond,  may  even  be  transpar- 
ent, germanium,  tin  and  lead  have  a  brilliant  metallic  lustre. 
Oermanium  and  tin,  however,  have  a  crystalline  structure,  while 
lead  is  the  only  member  of  the  family  which  is  perfectly  malleable 
and  ductile.  The  fusing  points  of  the  elements  under  discussion 
diminish  with  increasing  atomic  weights,  while  the  specific  gravities 
increase. 

Carbon;  infusible,  possibly  softens  In  the  heat  of  the  electric  arc;  specific 
igravity  (as  graphite)  2.1. 

Silicon;  fuses  in  the  heat  of  the  electric  arc;  specific  gravity  (graphitoidaP 
2.49. 

Germanium;  melts  at  about  900° ;  specific  gravity  5.46. 

Tin;  melts  at  238° ;  specific  gravity  7.29. 

Lead;  melts  at  325°;  specific  gravity  11.44. 

The  general  formula  for  the  hydrogen  compounds  of  the  elements 
of  the  chlorine  family  is  X  H;  for  those  of  the  hydrogen  com- 
pounds of  the  oxygen  and  nitrogen  families  the  formulae  are 
respectively  X  Hg  and  X  Hg ,  in  the  carbon  family  the  corresponding 
compounds  are  X  H^ .  With  the  number  of  four  hydrogen  atoms  to 
one  of  the  other  element,  the  power  of  fixing  hydrogen  which  is 
.^yaeejBscd  by  not-metals  is  exhausted,  indeed,  no  elements  other  than 
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those  we  have  considered,  are  capable  of  forming  definite  gaseous 
hydrogen  compounds.  It  follows  that  the  maximum  valence  which 
any  element  displays  toward  hydrogen  is  four,  (see  pages  102,  103). 
The  relationship  between  the  groups  of  elements  and  the  formulae  of 
the  hydrogen  compounds  becomes  more  apparent  if  we  arrange  those 
which  we  have  studied  in  the  order  of  their  atomic  weights,  revers- 
ing the  order  observed  in  the  table  on  page  171: 


EliEMKNTS. 

HTDBOGEN  COMPOUNDS. 

RELATION  TO 
ATOMIC  WEIGHTS. 

C 

N 

O 

F 

CH4 

NHa 

OH  8 

FH 

As  we  pass  from  left  to 

12 

14 

16 

19 

SiH4 

PHb 

SHs 

CIH 

right  the  atomic  weights  of 
the  elements  on  any  hori- 

Si 

P 

S 

CI 

AsHs 

SeHs 

BrH 

zontal  line  increase,  while 

28 

31 

32 

36.5 

SbHs 

TeHg 

IH 

the  valence  toward  hydro- 
gen diminishes.     No  ele- 

-^ 

As 
75 

Se 
79 

Br 

80 

ments  with  atomic  weights 
lying  between  those  of  any 

two  on  any  horizontal  line 

— 

Sb 
120 

Te 

125 

I 

127 

are  known.  These  elements 
are  therefore  a  section  of 

that  table  which  would  be 

obtained  by  arranging  all 

• 

of  the  elements  in  the  order 
of  their  increasing   atomic 
weights. 

The  elements  given  on  the  above  table  are  the  only  ones  which  are 
capable  of  forming  gaseous  hydrogen  compound.  Of  course  the 
stability  of  the  hydrogen  compound  of  silicon  is  less  than  that  of 
carbon,  for  the  rule  is  without  exception  that  with  increasing  atomic 
weight,  in  any  given  family,  there  is  a  diminution  in  the  stability  of 
the  hydrogen  compounds. 

Carbon  possesses  in  the  most  eminent  degree  that  property  which 
we  observed  in  a  rudimentary  form  in  the  hydrogen  compounds  of 
nitrogen,  namely,  the  element  can  form  an  almost  unlimited  number 
of  complicated  hydrogen  compounds,  derived  from  a  nucleus  of 
carbon  atoms  united  one  with  the  other,  just  as  the  two  nitrogen 
atoms  are  in  hydrazine  (page  185).  As  many  as  thirty-five 
carbon  atoms  are  known  to  be  thus  united  in  a  long  and  simple 
chain,  while  the  variety  of  compounds  may  be  almost  indefinitely 
increased  by  branching  side  chains  or  by  the  formation  of  rings  of 
atoms  each  of  which  can  serve  as  a  nucleus  for  further  substitution 
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or  addition.  The  study  of  these  compounds  forms,  at  present,  a 
separate  branch  of  chemistry,  which  is  generally  termed  organic 
chemistry,  although,  of  course,  there  is  no  real  distinction  between 
this  and  so-called  inorganic  chemistry.  A  few  of  the  simpler  carbon 
and  hydrogen  compounds  will  be  taken  up  in  the  course  of  this- 
work. 

All  of  the  elements  of  the  carbon  family  form  dioxides,  X  Og^ 
•and  all  but  silicon  exhibit  a  monoxide,  X  O.  The  dioxides  of 
carbon,  silicon,  germanium  and  tin  have  the  character  of  aci- 
dic anhydrides,  that  of  tin,  however,  like  the  trioxide  of  arsenic, 
can  be  both  acidic  and  basic,  for  it  dissolves  both  in  acids  and 
bases  to  form  salts.  The  monoxide  of  carbon  is  neither  acidic 
nor  basic,  that  of  germanium  is  slightly  basic,  the  other  monoxides 
are  all  basic  in  their  character  and  form  well-defined  salts  with 
acids. 

The  acids  derived  from  the  dioxides  have  the  general  formulae 
H2  X  O3  and  H4  X  O4,  the  former  being  the  meta-acids,  the  latter 
the  ortho-acids;  they  are  all  unstable,  readily  losing  water  and  leav- 
ing th^ corresponding  anhydride  X  O2,  indeed,  it  is  doubtful  if 
carbonic  acid  exists  at  all,  even  in  aqueous  solution.  The  silicic 
acids,  both  ortho  and  meta,  are  changed  to  silicon  dioxide  when 
heated;  they  lose  a  large  amount  of  water  even  when  dried  at  ordi- 
nary temperatures,  so  that  the  existence  of  hydrated  silicic  acids 
of  definite  formula  is  doubtful.  Germanium  dioxide  apparently 
forms  no  hydrates;  the  stannic  acids,  both  ortho  and  meta,  are 
completely  dehydrated  when  glowed.  Lead  dioxide  has  no  acidic 
properties. 

All  of  the  carbonates  are  derived  from  a  meta-carbonic  acid,. 
Ho  CO3,  only  a  few  organic  derivatives  of  ortho-carbonic  acid,. 
H4  CO4  are  known.  Both  ortho  and  meta  silicates  exist  and  form 
two  classes  of  frequently  occurring  minerals,  while  salts  of  much 
more  complicated  silicic  acids  which  are  formed  by  the  separation, 
of  water  between  two  or  more  formula  weights  of  the  ordinary  acids 
are  quite  common.  Both  ortho  and  meta-stannic  acid,  H^Sn  O.  and 
H2  Sn  O3,  are  known,  although  all  salts  are  d-erived  from  the  latter 
compound.  The  relationship  is  made  more  apparent  in  the  following, 
table : 
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Oxides, 

Meta-acids. 

Ortho-acids. 

Meta-salts. 

Ortho-salts. 

C  Oo 

Ha  COb* 
Ha  Si  Os* 

1 

H4Si04* 

Ma  OOb 
MgSiOs 
MaGeOat 
Ma  Sn  Oa 

-1- 

SlOa 
GeOg 
SnOjB 
PbOa 

M48IO4. 

HaSnOs 

H4  8n  O4 

M4  Sn04 

*  Existence  as  acids  doubtful. 

+  Only  orthocarbonates  of  organic  compounds  are  known. 

t  More  thorough  investigation  of  germanium  salts  is  necessary. 

The  monoxides,  with  the  exception  of  that  of  carbon,  are  bases, 
they  dissolve  in  acids  to  form  a  number  of  well-defined  salts  which, 
when  compared  with  those  of  the  lower  oxide  of  the  elements  of  the 
preceeding  family,  show  a  similar,  though  not  quite  so  well  marked 
tendency  to  change  into  basic  salts  on  the  addition  of  water. 

The  following  sulphides,  corresponding  to  the  oxides,  have  been 
studied : 

Carbon  disulphide.C  Sa. 

Silicon  disulphide.  Si  Sa. 


Germanium  monosulphide,  Ge  S;  Germanium  disulphide,  Ge  Sa 
Stannic  monosulphide,  Sn  S;          Stannic  disulphide,  Sn  Sa. 
Plumbic  monosulphide,  Ph  S; 

The  disulphide  of  silicon  is  too  unstable  to  enter  into  other  com- 
pounds, indeed,  it  is  even  decomposed  by  the  moisture  of  the  air,  but 
the  other  disulphides  dissolve  in  the  sulphides  of  the  alkali  metals  to 
form  sulpho  salts  which  in  formula  correspond  to  the  oxygen  salts. 

The  chlorine  compounds  and  chlorine  and  oxygen  compounds  are 
formed  after  the  general  formulae  X  CI2  and  X  CI4  and  X  O  Clg. 
Of  course,  a  representative  of  each  of  these  classes  is  not  known  for 
every  element  in  the  family;  the  most  important^  ones  will  be  indi- 
vidually discussed  in  the  succeeding  chapters. 


17 
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CHAPTER  XXXVIII. 


carbo:n^. 

Carbon;  Symbol  C,  atomic  weight,  12. 

The  element  carbon  occurs  in  three  modifications,  two  of  which, 
diamond  and  graphite,  are  of  crystalline  structure,  while  the  third 
is  amorphous  carbon  and  occurs  widely  distributed  in  the  form  of 
coal.  By  far  the  greater  quantity  of  carbon,  however,  is  found 
combined  in  the  numerous  compounds  of  that  element.  Carbon 
dioxide,  as  was  mentioned  on  page  62,  is  an  essential  constituent  of 
the  atmosphere.  The  carbonate  of  calcium  forms  limestone,  chalk, 
marble  and  the  two  crystalline  minerals,  calcite  and  arragonite; 
th6  carbonates  of  calcium  and  magnesium,  under  the  name  of 
dolomite,  are  the  principal  structure  of  great  masses  of  rock,  and 
furthermore,  the  carbonates  of  iron,  zinc,  barium,  manganese  and 
lead  are  important  additions  to  the  mineral  wealth  of  the  world. 
Carbon  is  also  invariably  present  in  all  of  the  innumerable  organic 
compounds  with  which  we  are  acquainted,  while,  furthermore, 
those  products  of  vegetable  disintegration  which  are  classed  under 
the  head  of  coal,  are,  in  the  main,  composed  of  the  element  under 
discussion. 

Carbon  is  dimorphous;  as  diamond  it  crystallizes  in  the  regular 
system,  while  as  graphite  it  is  monosymmetric* 

The  diamond  occurs  chiefly  in  the  older  alluvial  deposits,  but 
has  been  found  imbedded  in  a  laminated  granular  quartz  rock  called 
itacolumite;  it  is  also  found  in  a  species  of  conglomerate  com- 
posed of  rounded  siliceous  pebbles,  quartz,  and  chalcedony.  It  was 
originally  imported  into  Europe  fron^i  the  East  Indies,  from  which 
portion  of  the  world  and  from  Borneo  the  only  specimens  were  pro- 
cured until  1727  when  large  diamond  fields  were  discovered  in 
Brazil.     In  1867  the  diamond  fields  of  South  Africa  were  opened. 

*  formerly  supposed  to  be  hexagonal. 
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Some  diamonds  are  also  found  in  the  Urals,  in  New  South  Wales 
and  in  the  United  States. 

The  diamond  is  distinguished  by  its  extreme  hardness,  its 
brilliancy  of  reflection  and  adamantine  lustre,  its  specific  gravity  is 
3.5  and  it  is  a  poor  conductor  of  electricity  and  of  heat.  The 
mineral  also  occurs  in  black  pebbles  or  masses  known  as  carbonado, 
having  a  specific  gravity  of  from  3.01  to  3.4.  A  coarse  variety  of 
diamond  which,  owing  to  imperfections  in  structure,  is  unfit  for 
jewelry  is  sold  for  glass  cutting  purposes,  under  the  name  of  bort. 
The  weight  of  the  diamond  is  measured  in  carats  (1  carat  =  .205 
gram)  the  price  per  carat  increases  in  geometric  ratio,  although 
always  modified  by  the  quality  of  the  stone.  The  largest  diamond 
is  about  the  size  of  half  a  hen's  egg,  it  originally  weighed  900  carats, 
but  was  greatly  reduced  in  weight  by  cutting;  the  Pitt  or  Regent 
diamond  weighs  135.25  carats  and  is  of  unblemished  transparency 
and  lustre.  When  not  in  contact  with  the  air,  diamond  can  be 
heated  to  a  white  heat  without  alteration,  when  heated  between  the 
carbon  points  of  an  arc  light  it  swells  and  changes  to  a  greyish  mass 
with  an  almost  metallic  lustre,  in  this  form  it  resembles  ordinary 
coke.  When  heated  in  the  air,  diamond  takes  fire  at  about  1000° 
and  then  burns  to  form  carbon  dioxide  (COg)  leaving  only  a  very 
slight  trace  of  ash.  Oxidizing  agents  such  as  fused  potassium 
nitrate  or  potassium  bichromate  and  sulphuric  acid  can  oxidize 
diamond  to  carbon  dioxide.  Sir  Humphrey  Davy  was  the  first  to 
prove  that  diamond  consisted  of  nearly  pure  carbon. 

Graphite,  also  called  plumbago  or  black  lead,  is  the  second  crys- 
talline form  of  carbon.  It  occurs  in  beds  and  imbedded  masses  in 
the  oldest  geologic  formations,  in  granite,  gneiss,  micaceous  schists  and 
crystalline  limestone.  It  is  probsjbly  in  some  instances  the  result  of 
the  alteration  by  heat  of  deposits  of  coal ;  although  its  origin  is  as 
yet  imperfectly  understood.  In  some  places  the  graphite  is  found 
quite  pure,  for  instance  in  the  **  Eureka  Black  Lead  Mine"  at 
Sonora,  California,  there  is  a  bed  from  twenty  to  thirty  feet  in 
thickness  which  contains  the  substance  in  so  pure  a  state  that  it  can 
be  cut  in  blocks  and  shipped  without  further  preparation.  The  ash 
left  on  burning  this  graphite  is  only  about  five  per  cent. 'of  the  whole. 
Sometimes  the  graphite  is,  of  course,  much  more  impure,  so  that  it 
may  be  entirely  unfit  for  use.     The  chief  occurrences  of  the  mineral 
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are  in  the  Urals  in  Siberia;  in  Borrowdale,  Cumberland;  in  Arendal, 
Norway,  and  in  some  parts  of  Austria,  Russia  and  France,  while 
large  quantities  are  found  in  the  East  Indies.  In  the  United  States 
the  mineral  occurs  quite  frequently,  notably  in  California;  at  Stur- 
bridge,  Mass.;  at  Ticonderoga  and  in  the  northern  part  of  Michigan. 
Graphite  can  be  artificially  prepared  by  crystallization  of  carbon 
which  has  been  dissolved  in  melted  iron,  for  when  grey  pig  iron  is 
dissolved  in  acids  the  insoluble  graphite  remains  in  the  form  of  small 
delicate  scales,  a  similar  form  of  the  substance  has  also  been  discov- 
ered in  some  meteorites. 

Graphite  is  used  in  the  manufacture  of  lead  pencils  and  infusible 
crucibles  and  as  a  lubricator,  the  substance  being  soft  and  scaly. 
It  is  greyish  black  and  has  almost  a  metallic  lustre.  When  burned 
in  the  air  it  forms  carbon  dioxide,  leaving  an  ash,  which,  when 
derived  from  the  purer  varieties,  consists  mainly  of  ferric  oxide  and 
silica.  When  heated  with  nitric  acid  for  some  length  of  time, 
graphite  changes  to  a  yellow,  crystalline  body  which  contains  car- 
bon, hydrogen  and  oxygen,  resembles  organic  substances  and  is 
known  as  graphitic  acid.  The  latter  substance,  when  heated,  disin- 
tegrates with  an  almost  explosive  violence,  leaving  a  voluminous 
black  residuum  which  apparently  consists  of  very  finely  divided 
graphite.  This  latter  form  of  the  substance  is  applied  as  a  covering 
to  the  moulds  used  in  electroplating,  for,  as  graphite  is  a  good  con- 
ductor of  electricity,  it  renders  the  surfaces  of  the  non-conducting 
substances  from  which  these  are  made,  capable  of  conducting  elec- 
tricity, an  essential  preliminary  to  the  formation  of  a  metallic 
deposit. 

Those  compounds  which  are  formed  in  animal  and  vegetable 
organisms,  and  which  are  classed  under  the  general  head  of  organic 
substances,  are  produced  by  the  union  of  a  very  few  elements,  namely 
carbon,  hydrogen,  oxygen,  nitrogen,  sulphur  and  phosphorus. 
When  such  substances  decompose  in  the  open  air  they  break  down 
completely,  changing  for  the  most  part  into  gaseous  products,  but 
when  the  vegetable  fibres  are  protected  by  a  layer  of  water,  as  is  the 
case  in  peat-bogs  the  process  of  decomposition  goes  on  slowly,  certain 
portions  of  the  constitnents  of  the  organic  substances,  especially 
oxygen  and  hydrogen,  generally  pass  off  in  other  combinations 
while  the  vegetable  substance  becomes  changed,  first  into  peat  and 


GENERAL  DESCRIPTIVE  CHEMISTRY.  261 

then  into  bituminous  coal  and  at  the  same  time  the  percentage 
of  contained  carbon  increases.  Peat,  brown  coal,  bituminous  coal 
and  anthracite  coal  are  successive  steps  in  the  process  of  floral 
decomposition;  when  the  anthracitic  stage  is  reached  the  changes 
become  so  complete  that  a  black,  shiny,  homogeneous  mass  has 
resulted  in  which  the.  original  vegetable  structure  has  entirely  dis- 
appeared or  is  at  least  so  indistinct  that  special  means  must  be  taken 
for  its  detection.  The  pressure  to  which  the  dead  organic  structures 
are  subjected  is  of  material  influence  on  the  rapidity  with  which  a 
peat  formation  is  changed  to  anthracite,  indeed,  in  portions  of  Russia 
where  the  coal  has  not  been  subjected  to  great  pressure  a  brown 
coal  (lignite)  which  can  be  scarcely  distinguished  from  peat,  is  found 
in  places  where  the  age  of  the  deposit  would  lead  one  to  expect 
anthracite.  A  comparison  of  the  approximate  composition  of  the 
combustible  portions  of  some  of  the  varieties  of  coal  will  show  the 
changes  more  clearly: 

Wood,  Carbon  50  p'rc't;  hydrogen  6     prc't;  oxygen  and  nitrogen  44  p,  c. 

Poat,  "       60  "  "         5.75     '•  *'  "  "       34.25  " 

Lignite,  "       67  "  "         5.3       "  27.7 

Bituminous  coal, "       87  "  "        5.6       "  "  "  "        7.4 

Anthracite,     "     "       1)4  "  "         3.4       "  "  "  "         2.6 

The  various  forms  of  coal  are  amorphous,  differing  markedly  from 
diamond  or  graphite,  which  are  crystalline. 

When  organic  substances  are  heated  without  access  of  air  they 
undergo  a  process  of  carbonization;  the  volatile  products  of  this 
destructive  distillation  pass  off  as  gases  and  liquids  (see  page  177) 
while  amorphous  carbon  is  left  behind  as  coke  and  the  same  change 
takes  place  when  bituminous  coal  is  heated.^  Coke  is  a  porous, 
shiny  form  of  amorphous  carbon;  it  conducts  electricity  and  heat 
about  as  well  as  graphite.  Coke  may  contain  as  much  as  91.5  per 
cent,  of  its  total  weight  in  the  form  of  carbon. 

Gas  coal,  which  collects  on  the  walls  of  retorts  in  which  bitum- 
inous coal  is  heated  to  form  illuminating  gas,  is  a  product  of  the 
decomposition  of  gaseous  compounds  of  carbon  and  hydrogen.  It 
has  almost  a  metallic  lustre,  resembling  very  dense  coke;  it  is  diffi- 
cult to  ignite  and  conducts  heat  and  electricity  quite  well. 

Wood  charcoal  is  produced  by  the  imperfect  combustion  of  wood 
sticks,  animal  charcoal  by  a  similar  treatment  of  such  animal 
refuse  as  bones  or  blood.     The  finer  forms  of  bone  charcoal  are 
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known  as  bone  black  and  ivory  black.  All  forms  of  charcoal,  but 
especially  the  varieties  of  animal  charcoal,  have  a  remarkably  pro- 
nounced tendency  to  absorb  coloring  matters  from  solutions.*' 
These  colored  substances  are  apparently  deposited  on  the  surface  of 
the  coal,  for  they  can  be  extracted  therefrom  by  the  proper  solvents,* 
while,  furthermore,  this  property  of  absorbing  coloring  matter  does 
not  belong  to  charcoal  alone,  all  insoluble,,  porous  substances  can 
perform  the  same  office  in  a  greater  or  less  degree  f  and  in  rare 
instances  it  may  happen  that  the  charcoal  exercises  a  reducing 
action  on  the  absorbed  matter.  Crude  sugar  is  decolorized  by  means 
of  charcoal. 

The  purest  form  of  amorphous  carbon  is  lamp  black,  which 
results  from  the  combustion  of  carbon  and  hydrogen  compounds 
where  an  imperfect  supply  of  oxygen  is  provided,  or  where  the 
flame  is  cooled  before  perfect  combustion  has  taken  place;  lamp 
black  is  therefore  deposited  on  a  cold  porcelain  or  metal  plate 
placed  within  a  luminous  gas  or  lamp  flame.  The  lamp  black  of 
commerce  is  obtained  by  burning  resinous  pine  wood,  tar,  or  some 
kinds  of  bituminous  coal.  The  substance  is  collected  on  coarse 
cloths  hung  over  the  burning  wood  placed  in  suitable  chambers. 
Lamp  black  is  used  in  the  manufacture  of  printers'  and  india  ink. 

*  Indigo,  which  has  been  dlssolTed  in  sulphuric  «cld  mnd  absorbed  tmm  this  solu- 
tion by  charcoal,  can  be  extracted  from  the  charcoal  by  alkalis.  Metallic  oxides. 
absorbed  by  charcoal  can  be  extracted  by  stions  acids. 

t  Aluminium  hydroxide,  ferric  hydri«xide  or  precipitated  sulphide  of  lead  cao 
absorb  coloring  matter. 
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CHAPTER  XXXIX. 


THE  COMPOUNDS  OF  CARBON  WITH  HYDROGEN. 

Methane,  formula  Cfl^,  specific  gravity,  air  =  i,  is  ,5531,  H  =  2,iB 
15.9S,  molecular  weight  16.028.  1  cc.  of  the  ga^  at  0°  and  760  mm. 
weighs  .0007082  grams. 

m 

The  simplest  hydrogen  compounds  of  the  carbon  family  have  the 
formula  XH^,  where  X  represents  an  atom  of  some  element  of  that 
family,  as  a  consequence  the  valence  toward  hydrogen  possessed  by 
the  atoms  of  the  elements  of  this  group  is  greater  by  one  than  is 
valence  of  those  of  the  preceding  (nitrogen)  family. 

Methane,  or  marsh  gas,  the  hydrogen  compound  of  carbon  which 
corresponds  to  ammonia  in  the  nitrogen  family,  occurs  quite  fre- 
quently in  nature  as  a  product  of  the  decay  vegetable  tissues.  The 
muddy  bottom  of  any  stagnant  marshy  pool,  when  stirred,  emits  bub- 
bles of  marsh  gas,  which,  however,  always  contain  from  ten  to 
twenty  per  cent,  of  carbon  dioxide,  as  well  as  a  small  amount  of 
nitrogen.  The  metamorphoses  which  resulted  in  the  formation  of 
coal  beds,  having  been  similar  to  the  changes  taking  place  in 
marshes,  must  necessarily  also  have  produced  methane,  so  that,  as  a 
consequence,  pockets  of  the  gas  which  is  sometimes  under  great 
pressure,  occur  quite  frequently  in  coal  mines;  the  escaping  gas, 
when  a  pocket  is  tapped,  forms  a  dangerously  explosive  mixture 
with  the  air.  Methane  in  some  places  escapes  from  openings  in  the 
ground,  the  gas  which  is  passing  of  is  not  infrequently  ignited, 
either  intentionally  or  accidentally;  these  burning  gas  wells  are 
sometimes  regarded  with  superstitious  reverence,  as,  for  instance, 
the  holy  fire  at  Baku  on  the  Caspian  sea. 

The  natural  gas  which  is  used  so  extensively  for  illuminating  and 
heating  purposes  in  a  number  of  places  in  the  United  States  consists 
for  the  most  part  of  methane.  Methane  is  always  produced  in  large 
quantity  by  the  dry  distillation  of  coal,  it  therefore  forms  the  major 
portion  of  illuminating  gas. 
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.M«;thaue  caimot   he  prepared  by  direct  union  of   the  elements 

*  iir\nHi  imd  liyilroireiu  yot  if  hyilrosren  can  be  brought  to  act  upon 
t  iivlnni  wlu'ii    the  hitter   i;?   in  what  may  be  considered  the  nascent 

hiltj,  it  will  then  luiiie  with  that  element.  An  example  of  such  a 
jiiodmiiou  ol*  iiK'ihaue  is  t'(»un<i  in  the  reaction  between  carbon  mon- 
oMili'  (CO)  and  hNilrtJireii  under  the  influence  of  a  strong  discharge 
<»l  ih-elrieily  irom  :in  intluotiou  coil. 

'l\n-  ln'.">L  iiK-ihod  to  prepare  methane  for  laboratory  use  is  by  the 
<li  V  <h  it  1 1  hit  toll  v>i'  Mnue  oi'i^auic  ^ui)>tance,  and,  as  we  have  seen,  our 

•  liiiH'ti  ol  whirh  one  to  ^^it'ot  i:?  imt  very  limited.  Experience  has 
oliiivvn,  liowt'MT,  I  hat  a  luixturt'  ot"  ^<»me  dry  acetate  with  a  stroDg 
li.ioi^  \m1I  n  n'ld  iiu'iiuiiie;  au  txatupie  ot  the  proiluction  of  the  gas  in 
ilii*;  vMiv  *aii  hr  loiuid  ill  UK'  dt'eoiii[>o:?itiou  of  the  acetate  of  soilium 
.,h»n  iliaii  Mil»iaiiee  i>  hrait.*d  iu  tiie  presence  of  sodium  hydroxide. 

iMl.rOONa   r    NaOU=  CH^  +  Xao<^'03 

loiiKiiu  .ui'i.tio      >ouium  luaroxiile  —  Methaue  —  .Sodium  carbonate. 

■O.I  I  mil   .Ht'laie  van    he  ^ou^id^feti   us  methane  in  which  one  hvdro- 
/III   itoni  \\i\>  hi'rii  ri'pKUid  h\   the  unaip  (.'( )0  Na. 

Mrihiiiu-  In  a  I'oloiK^.'N  ^as,  \\itht>iit  oilor  or  taste.  Its  specific 
"iMviiv  I.  ).)St».  I'luicra  [>iv>su  re  oi  <  me  atmosphere  methane  boils 
jif  M»l".  if  r\apv»raie(l  .piitKh  uu«ior  ilimiuished  pressure  the 
hi  pi  H I  will  l>(<  cooh'd  to  heun\  ii>  iree/im;'  [xtiut  and  will  form  a  snow 
lilvi*  iiia-s.  riu'  "tis  Imriis  iu  ow  ueu  or  air  with  a  nearly  colorles? 
ihunr  whit'ii  is  murh  like  that  ol'  ii\«lro^vQ,  while  carbon  dioxide 
mill  water  art*  Tornu'd. 

.\ri«tha!u»  is  deeomposeil  into  its  (.'ousiitueiit  elements  only  at 
<piil(*  a  ini:'ii  heat,  when  [nis>e<l  ihrouicii  a  uhite  hot  tube  it  breaks 
i\()\\]\  intoearhon  and  hydroireu.  it  i>  therefore,  with  the  exception  «.«: 


♦  A  Mlmilnr  nn«l  most  interestins;  ]»rotliictiou  oi  tueibaue  is  by  the  action  of  copper  oi 
H  III  Winn'  of  the  vaj»ors  of  carbon  bisulpbide  Mid  hyUroKeu  sulphide. 

8  Oil  -r-  2  Ho  S  -  CSa  ^  4  Oua  S  -  CH4. 

FT'TO  t)i^  cnrbon  and  the  hy(1roj?en  may  both  be  eonsiilered  to  be  in  the  nascec: 
statf.  tlu'  ('()p])or  simply  removes  sulphur  and  leaves  the  oarboii  and  hydrogen  to  rear- 
raii^'c  HiMris<lves  into  tbe  most  stable  configuration  under  existing  conditions.    iS« 

pajce''  Til  and  VT). 
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ammouia,  more  stable  than  any  of  the  hydrogen  compounds  of  the 
preceding  family.  Methane,  when  mixed  in  a  eudiometer  tube  with 
exactly  enough  oxygen  to  form  carbon  dioxide,  can  be  exploded  by 
means  of  an  electric  spark;  if  care  is  taken  to  keep  the  water  vapor 
produced  by  this  reaction  in  the  form  of  a  gas,  the  result  is  that  one 
volume  of  methane  with  two  of  oxygen  forms  one  volume  of  carbon 
dioxide  and  two  of  water;  the  total  volume  of  the  mixture  of  gases 
is  therefore  the  same  after  the  explosion  as  it  was  before. 


0, 

0, 

1  vol.  methane, 


two  vol.  oxygen, 


I  vol.  carbon  dioxide. 


2  vol.  water. 


From  these  results  it  follows  that  one  molecule  of  methane  is 
able  to  form  two  molecules  of  water  vapor  and  consequently,  as  two 
molecules  of  water  vapor  contain  four  atoms  of  hydrogen,  methane 
must  also  have  four  hydrogen  atoms  in  its  molecule.  The  specific 
gravity  of  methane,  H  =  2,  is  15.9,  this  shows  that  its  corrected 
molecular  weight  must  be  16,*  for  when  methane  is  analyzed  we  find  it 
composed  of  12  parts  of  carbon  and  4  parts  of  hydrogen  which  form 
16  parts  of  methane.  The  4  parts  of  hydrogen,  as  we  have  seen, 
represent  four  atoms;  that  12  parts  of  carbon  represent  one  atom  we 
presume  to  be  the  case  because  in  no  compound  of  carbon,  the  {spe- 
cific gravity,  and  hence  the-  molecular  weight  of  which  is  known,  has 
carbon  ever  been  found  to  enter  with  a  less  proportional  weight  than 
twelve;  after  considering  these  experimental  facts  we  conclude  that 
the  formula  of  methane  is  CH^.     (See  page  180.) 

When  methane  is  mixed  with  chlorine  and  placed  in  the  dark  no 
, reaction  takes  place,  but  when  the  mingled  gases  are  exposed  to  the 
sunlight  a  violent  explosion  results;  hydrochloric  acid  and  carbon 
being  produced.  This  action  is  exactly  parallel  to  the  action  of 
chlorine  on  all  other  hydrogen  compounds  with  the  exception  of 
hydrofluoric  and  hydrochloric  acids: 

CH,  +  4  CI  =  C  +  4  H  CI, 
NH3  +  3CI  =  N  +  3HC1, 
SH2  +  2  CI  =  S  +  2  H  CI, 
Br  H  +  CI  =  Br  +  H  CI. 


*In  exact  numbers  16.028  because  the  atomic  weight  of  hydrogen  is  1.007,  in  consider- 
ations of  this  kind  it  is  better  to  neglect  the  decimal. 
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When,  however,  the  chlorine  is  allowed  to  attack  methane 
slowly,  as  it  does  in  diffused  light,  substitution  of  hydrogen  for 
chlorine  results,  so  that  the  following  changes  successively  take 
place : 

CH,  +  2  CI  =  CH,  CI  +  H  CI, 

CH,  +  4Cl  =  CH,Cl2  +  2HCl, 

CH,  +  6  CI  =  CH  Clg  +  3HC1, 

CH,  +  8C1  =  CC1,  +  4HC1. 

When  one  hydrogen  atom  has  been  removed  from  methane,  the 
unsaturated  univalent  risuiicle  (see  page  113)  is  called  methyl,  when 
two  hydrogen  atoms  are  removed  the  bivalent  radicle  is  metJiylenef 
and  when  three  hydrogen  atoms  are  removed  the  trivalent  radicle  h 
methine : 

CHg  —  ,  methyl;  CHg  CI,  methyl  chloride. 

CHa  =  ,  methylene;  CHj  Cla,  methylene  chloride. 

CH  ^  ,  methine;  CH  Clj,  methine  chloride  (chloroform.) 

These  chlorinated  substances  can  therefore  all  be  considered  a& 
methane  in  which  one,  two  or  three  atoms  of  hydrogen  have  respect- 
ively  been  replaced  by  chlorine;  they  partake  more  or  less  of  the 
nature  of  methane,  although  the  introduction  of  successive  chlorine 
atoms  causes  the  resulting  compound  to  depart  more  and  more  from 
the  character  of  the  type,  thus: 

Methyl  chloride  Is  a  gas,  colorless,  becomes  liquid  at  — 2B.7°. 
Methylene  chloride,  liquid,  boUs  at  4t.6'. 
Methine  chloride,  liquid,  bolls  at  61.2*. 
Carbon  tetrachloride,  liquid,  bolls  at  76  5*. 

With  the  introduction  of  each  chlorine  atom  the  boiling  point 
increases  and  therefore  each  of  these  changes  brings  the  character  of 
the  chlorine  substituted  methane  farther  from  that  of  the  colorless 
gas  from  which  it  is  derived. 

When  hydrogen  is  removed  from  methane  the  resulting  unsatur- 
ated monovalent  group,  methyl,  cannot  exist  alone  any  more  than 
can  a  fr^e  atom  of  hydrogen,  it  therefore  seeks  the  first  opportunity 
of  uniting  with  some  atom  or  radicle  to  form  a  saturated  compound. 
We  have  seen  that  when  chlorine  is  present  the  methyl  reacts  with 
that  element  to  form  methyl  chloride;  if  no  such  other  substance 
with  which  methyl  is  capable  of  union  can  be  found,  the  radicle 
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will  join  with  itself  to  form  dimethyl  or  ethane;  CHg  —  CHa.* 
Dimethyl  is  capable  of  having  from  one  to  six  of  its  hydrogen 
atoms  substituted  by  chlorine.  The  6rst  reaction  which  takes  place 
between  ethane  and  chlorine  is  as  follows: 

CH,  — CHa  +  2  CI  =  CHa  — CH2  CI  +  H  CI. 

The  compound  CHa  —  CH2  CI  or  C2  H5  CI  is  called  ethyl  chloride, 
just  as  CH3  CI  is  called  methyl  chloride.  If,  however,  we  remove 
one  hydrogen  atom  from  ethane  to  form  the  monovalent,  unsatur- 
ated radicle  ethyl,  the  latter,  if  no  other  substance  is  present  with 
which  it  can  unite,  will  form  diethyl  or  butane,  just  as  methyl 
formed  dimethyl  or  ethane. 

OHj— CHb— H  =  OHs— CHs;  CHj— CH8-+CH8-CH8— =  CHa-CHg-CHs-CHs. 
Ethane  —  hydrogen  =  ethyl.  ethyl  +  ethyl  =      diethyl  or  butane. 

Diethyl  can  likewise  have  its  hydrogen  atoms  substituted  by 
chlorine  and,  by  the  loss  of  one  atom  of  hydrogen,*  can  be  converted 
into  the  monovalent,  unsaturated  radicle  butyl,  which  further 
unites  with  itself  to  form  dibutyl  or  octane.  It  is  possible,  how- 
ever, to  so  modify  the  above  reaction  as  to  bring  ethyl  and  methyl 
together,  in  which  case  the  two  radicles  will  unite  to  form  ethyl- 
methyl  or  propane  f  and  in  the  same  way  a  mixture  of  propyl  and 
ethyl  will  yield  propylethyl  or  pentane.  By  a  judicious  combina- 
tion of  the  iodides  of  other  radicles,  carbon  and  hydrogen  compounds 
containing  as  many  as  thirty-five  carbon  atoms  have  been  prepared. 
These  substances,  as  they  contain  only  carbon  and  hydrogen,  are 
called  hydrocarbons,  the  particular  class  of  saturated  hydrocarbons 
now  under  discussion  being  called  paraffins.  The  first  seven  repre- 
sentatives of  this  class  are : 

CH4,    methane;  C4  Hjo,  butane. 

C2  Hg,  ethane;  C5  Hjj,  pentane, 

Ca  Hg,  propane;  Cg  Hj^,  hexane, 

C7  H16,  heptane. 

*  Methyl  iodide  treated  with  zinc  or  with  sodium  forms  ethane.    The  reaction 
takes  place  as  follows: 

CH«  I  +  Zn  +  CHb  I  =  Zn  le  +  CHg  +  CH,.    CHa  +  CHa  =  CHa  —  CHa. 
This  reaction  is  also  applicable  in  the  formation  of  the  more  complicated  com- 
pounds which  follow.    Of  course,  in  these  cases,  we  would  not  use  methyl  iodide 
and  zinc,  but  would  employ  the  iodides  of  those  radicles  which  we  wish  to  unite. 
t  By  treating?  a  mixture  of  ethyliodide  and  methyliodide  with  zinc,  thus: 

CHa  —  CHa  I  +  Zn  +  CHa  I  =  Zn  la  +  CHa  —  CHa  —  CHa 
Ethyliodide  +  methyliodide  =     ethylmethyl  or  propane. 
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A  general  formula  for  these  compounds  is  C^  Hj.^.,-  where  u 
represents  the  number  of  carbon  atoms  in  the  chain,  an  increase  of 
this  number  by  one  in  any  given  paraffin  raises  the  boiling  point  of 
that  paraffin  by  about  19°.  The  compounds  which  begin  the  serie> 
are  gases,  those  with  from  five  to  sixteen  carbon  atoms  are  liquid.-^ 
at  ordinary  temperatures,  the  remainder  are  solids  with  melting 
points  ranging  from  18°  to  74°,  the  specific  gravity  of  the  hydro- 
carbons increases  with  the  number  of  carbon  atoms,  but  is  alwavs 
less  than  one. 

The  hydrocarbons  C„H2«^.2  are  found  in  coal  oil;  this  is  generally 
technicallv  divided  as  follows: 

Petroleum  ether,  boiling  point   50=  to   70°;  pentane  and  hexane. 
Benzine,  *•  "       70*  to   90';  hexane  and  heptane. 

Ligroine.  •*  *'       OO"  to  120"";  heptane  and  octane. 

Petroleum,  (kerosene) '*     '*      150' to  300°;  octane  to  hexadeeane  «Ci«  Ha^t. 
The  higher  boiling  portions  are  vaseline  and  paraffin. 

If  one  hvdrooren  atom  is  removed  from  ethane,  the  result iui: 
unsaturated  radicle  ethvl  cannot  exist  alone,  we  saw  that  it  unites 
with  itself  to  form  diethyl  or  butane.  Experience  has  shown  us. 
however,  that  an  entirely  different  result  may  be  expected  if  we 
simultaneously  remove  a  hydrogen  atom  from  each  of  the  carbon 
atoms  contained  in  ethane,  the  molecule  containing  the  pair  t»f 
neighboring  carbon  atoms  which  have  thus  become  unsaturated  is 
capable  of  independent  existence  and  is  called  ethylene. 

CHg  —  CH,,  ethane,  CHg  —  CHo,  ethylene. 

What  is  true  of  ethvlene  remains  true  when  the  hvdroffen  atoms 
of  that  substance  are  substituted  by  other  atoms  or  groups  of  atoms: 
we  can  therefore,  beginning  with  ethylene  as  a  nucleus,  by 
replacing  the  hydrogen  atoms  with  ethyl,  methyl  propyl,  etc.,  con- 
struct a  new  series  of  unsaturated  carbon  compounds  which  would 
have  the  general  formula  C„  H2,,.  A  further  discussion  of  these 
complicated  substances  belongs  in  the  domain  of  organic  chemistry. 
The  facts  that  carbon  atoms  are  never  known  to  be  unsaturated  in 
organic  compounds  unless  those  unsaturated  atoms  are  side  by  side* 
and  that  carbon  is  tetravalent  in  methane  have  led  chemists  to 
regard  the  carbon  atoms  in  ethylene  as  being  joined  to  each  other  in 


*  A  few  compounds  recently  discovered  may  prove  to  be  an  exception  to  this 
r  ule . 
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a  different  way  than  they  are  in  ethane,  for,  if  we  suppose  the  car- 
bon atoms  to  be  always  quadrivalent,  then  the  pair  of  carbon  atoms 
in  ethane  is  joined  by  one  valence  of  each  atom,  where  in  ethylene  it 
is  united  by  two.     The  following  diagram  will  make  this  more  clear: 

H     H 

II  H^  H 

H  — C  — C— H  ^c       C^ 

H      H 

Ethane.  Ethylene. 

the  theory  being  that  each  valence  of  any  carbon  atom  must  neutral- 
ize a  corresponding  valence  of  some  other  atom.  All  we  can  know 
regarding  such  combinations  is  that  the  carbon  atoms  in  any  such 
compound  as  ethylene  are  held  together  by  a  certain  force,  of  the 
nature  of  which  we  are  ignorant,  and  which  we  call  chemism  or 
chemical  affinity.  It  is  usually  stated  that  **  carbon  has  four  points 
of  affinity,  or  four  valences;''  of  course,  provided  we  consider 
chemism  as  a  force,  such  a  theory  is  not  tenable,  because  no  force 
can  act  unless  it  has  something  to  act  upon;  when  the  carbon  atoms 
are  united  as  they  are  in  ethylene  a  certain  amount  of  residual  force 
beyond  that  required  to  hold  these  two  atoms  together,  acts  upon 
ind  retains  the  four  hydrogen  atoms,  this  much  we  know  from 
experimental  evidence,  but  if  we  further  suppose  that  the  carbon 
atoms  are  each  joined  by  two  points  of  affinity  we  must  then  accept 
the  proposition  that  the  force  which  unites  the  two  atoms  is  mani- 
fest only  from  four  distinct  spots  upon  their  surfaces,  an  hypothesis 
which  is  not  in  accord  with  what  we  know  as  regards  the 
attraction  which  one  mass  exercises  toward  another;  a  statement 
which  would  more  nearly  accord  with  our  experimental  knowledge 
would  be  that  in  ethylene  we  have  two  trivalent,  and  hence  unsat- 
urated, carbon  atoms  joined  to  each  other. ^  If  by  some  means  we 
remove  a  hydrogen  atom  from  each  of  the  neighboring  carbon  atoms 
in  ethylene,  there  results  a  compound  CH — CH  which  is  called  acety- 
lene.    The  carbon  atoms  in  acetylene  are  supposed  to  be  united  by  a 

♦Recent  investigatious  in  organic  chemistry  seem  to  show  that  carbon  atoms 
react  as  if  they  had  the  form  of  regular  tetrahedra.  The  hydrogen  atoms  in 
methane  would  then  be  at  the  points  of  the  tetrahedron  and  the  two  carbon  atoms 
in  ethylene  would  be  joined  along  the  line  connecting  two  of  these  points.  By  this. 
hypothesis  the  difference  between  saturated  and  unsaturated  carbon  chains  can  be^ 
explained. 


270  A  TEXT-BOOK  OP 

so-called  ''tripple  linking,"  for  the  theory  which  was  used  in 
explaining  the  constitution  of  ethylene  must  compel  the  supposition 
that  the  two  additional  unsaturated  valences  in  acetylene  must  neu- 
tralize each  other,  the  formula  of  the  latter  substance  is  therefore 
written  GH  ^  GH ;  in  this  case  we  also  must  indulge  in  speculation 
if  we  wish  to  go  farther  than  to  assume  any  more  than  the  existence 
of  two  divalent  unsaturated  carbon  atoms  in  acetylene. 

Ethylene  is  a  colorless  gas  which  is  poisonous;  it  has  a  specific 
gravity  of  .9852,  is  tolerably  soluble  in  water,  and  when  heated 
breaks  down  into  methane  and  carbon : 

G2  H4  =  CH4  -|-  G. 

Owing  to  this  latter  decomposition  ethylene  burns  with  a  lumin- 
ous flame.  Acetylene  is  a  gas  which  undergoes  a  similar  decom- 
position : 

G2  H2  =  GH4  -|-  3  G, 

and  therefore  it  also  emits  a  luminous  flame,  for  in  each  case  the 
glowing  particles  of  carbon  emit  the  light. 

Illuminating  gas,  prepared  by  the  distillation  of  soft  coal,  is 
composed  chiefly  of  hydrogen,  methane,  ethylene  and  acetylene, 
carbon  monoxide  and  carbon  dioxide.  The  quality  of  the  flame  is 
determined  by  the  amount  of  ethylene  and  acetylene  present,  for  a 
gas  which  contains  these  unsaturated  hydrocarbons  bums  with  a 
luminous  flame,  while  methane  or  carbon  monoxide  scarcely  give 
any  light  during  combustion. 

A  flame  can  be  observed  wherever  a  gas,  in  consequence  of 
chemical  action,  is  heated  sufiiciently  to  cause  it  to  glow.  In  most 
cases  this  chemical  reaction  is  caused  by  chemical  union;  that  it  is 
possible,  however,  to  have  a  flame  resulting  from  the  heat  of  decom- 
position of  an  endothermic  compound  is  proved  by  the  appearance 
of  a  flash  accompanying  the  explosion  of  nitrogen  chloride.  The 
simplest  case  of  flame  production  can  be  illustrated  by  mixing  two 
gases  which  are  capable  of  giving  off  a  large  amount  of  heat  in  their 
union  and  igniting  the  mixture  by  means  of  an  electric  spark  or  by 
means  of  a  flame.  In  this  mixture  the  molecules  of  the  two  gases 
are  intimately  intermingled,  the  reaction  takes  place  almost  simul- 
taneously at  all  points  throughout  the  volume  of  the  gas  and  is 
therefore  accompanied  by  an  explosion  and  the  formation  of  a  homo- 
geneous flame. 
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The  most  common  form  of  flame  is  produced  by  a  stream  of  gas 
pouring  into  a  volume  of  another  with  which  it  can  chemically 
unite  ;^if  the  entering  gas  is  heated  to  its  kindling  temperature  then 
union  will  take  place  along  the  boundary  where  the  two  gases  touch. 
The  conical  shape  assumed  by  the  flame  of  a  gas  escaping  from  a 
round  vent  is  caused  by  the  diminution  in  the  quantity  of  that  gas 
as  the  distance  from  the  opening  increases,  this  diminution  being 
caused  by  the  consumption  of  the  gas  in  burning.  The  structure  of 
the  flame  of  a  gas  burning  in  air  can  be  taken  as  a  type  of  all  others. 
Such  a  flame  consists  of  a  number  of  zones  which  can  be  easily  dis- 
tinguished by   their    appearance.      The    flame    of   a   candle,   for 

instance,  exhibits  a  dark  center  which 
is  .surrounded  by  a  conical,  luminous 
zone;  a  piece  of  paper  placed  over 
this,  as  is  shown  in  Fig.  43,  will  be 
charred  in  the  form  of  a  circle,  this 
experiment  showing  that  the  gases  in 
the  center  of  the  flame  are  not  heated 
to  a  high  temperature,  at  the  same 
time  a  small  piece  of  phosphorus 
placed  in  the  dark  center  will  not 
Figure  43.  burn,  so  that  no  oxygen  can  be  pres- 

ent. Outside  of  this  central  cone  there  is  a  luminous  zone  of  some 
thickness  where  the  oxygen  is  uniting  with  the  escaping  gases,  but, 
as  oxygen  cannot  enter  into  this  portion  of  the  flame  in  excess,  the 
carbon,  separated  from  the  glowing  gases*  by  reason  of  the  high 
temperature  of  the  flame,  is  not  completely  burned  but  is  only 
heated  to  a  white  heat.  Oxygen  is  present  in  excess  on  the  outer 
surface  of  the  luminous  zone  and  therefore  combustion  is  most 
energetic  in  this  division  of  the  flame,  so  that  an  enveloping  mantle 
which  is  scarcely  visible  results;  this  is  the  hottest  part  of  the  flame. 
The  glowing  carbon  which  causes  a  flame  to  become  luminus  is  pro- 
duced by  the  breaking  down  of  the  heated  hydrocarbons  present  in 
the  gas,  a  change  similar  to  that  undergone  by  ethylene  taking  place : 

C2  H4  =  CH4  -\-  C. 

From  this  it  follows  that  if  the  temperature  of  the  flame  can  be 

*See  ethylene  and  acetylene. 
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lowered  to  such  a  point  as  to  prevent  this  decompositioD,  the  flame 
will  become  not  luminouii;  such  an  alteration  can  be  brought  about 
by  diluting  the  gases 
before  burning;*  with 
some  indifferent  sub- 
stance, such  as  carbon 
dioxide,  and  the  same 
result  can  be  accom- 
plished by  providing 
a  supply  of  air  to  the 
illuminating  gas  be- 
""■~-^^^  for  the  vent  at  which 

the    flame    is    lighted 
Figure  44.  is  reached.     The  Bun- 

sen  burner  attains  this  end  by  causing  the  gas  which  is  escaping 
from  a  small  central  opening  lo  traverse  a  wider  brass  tube  before 
ignition.  At  the  bottom  of  this  brass  tube  two  holes  are  pierced, 
allowing  the  entrance  of  a  limited  supply  of  air.  This  air  mingles 
with  the  escaping  gases,  and  thus  provides  for  complete  combus- 
tion before  the  decomposition  of  the  hydrocarbons  takes  place. 
Undoubtedly  the  non-himinous  character  of  the  Bnnsen  flame  is  also 
in  part  brought  about  by  the  addition  of  the  indifferent  gas  nitrogen, 
which  must  necessarily  enter  the  burner  in  com- 
pany with  oxygen.  If  the  gases  composin| 
flame  can  be  cooled  below  their  kindling  tem- 
perature, the  flame  will  be  extinguished. 

From  what  has  been  said  regarding  the  form- 
ation of  a  flaine  it  follows  that  it  is  a  matter  of 
indifference  which  of  the  two  gases  uniting  to 
form  the  flame  is  entering  and  which  forms  the 
surrounding  medium,  for  the  phenomena  are 
caused  solely  by  the  union  of  the  two.  The  terras  ' 
and  "  a  supi>orter  of  combustion,"  as  applied  to  gases,  are  therefore 
used  simply  because  it  is  more  usual  to  see  gases  burning  in  oxygen 
or  air  than  it  is  to  see  oxygen  or  air  burning  in  other  gases.  Of 
course,  the  phenomena  attendant  upon  union  with  oxygen  also 
appear  with  other  gases,  which,  as  chlorine  for  example,  act  like 
oxygen. 
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CHAPTER  XL. 


THE    COMPOUNDS    OF    CARBON   WITH    CHLORINE,    WITH 
CHLORINE  AND  OXYGEN,  WITH  OXYGEN  AND 
WITH  SULPHUR. 
Carbon  dioxide,  formula    CO^-   spedjic  gravity,  air  =^  1,  t's  1.529: 
ff  =  2  i»  44,  molecular  weight  44;  one  ee.  of  the  gas  at  0°  and 
.76  m.  weighs  .001977  grams.     Carbon  monoxide,  formula  CO; 
specific  gravity,  air  =  J,  is  .96744;  JT  —  2  is  27.8,  molecular 
weight  28;  1  cc.  of  the  gas  at  0°  and  .76  m.  weighs  .0012511 
grama. 

The  only  chloride  of  carbon  which  need  be  mentioned  in  this 
work  is  the  tetrachloride  C  Clj;  some  more  complicated  chlorine 
derivatives  of  carbon  chains 
are  known,  but  a  work  on 
organic  chemistry  must  be 
consulted  in  regard  to  their 
properties.  Carbon  tetra- 
chloride is  derived  from  me- 
thane by  replacing  all  of  the 
hydrogen  atoms  with  chlor- 
ine, and  it  can  be  prepared, 
as  we  have  seen,  from  the 
latter  substance  by  the  ac- 
tion of  chlorine;  it  is  not, 
however,  practically  expe- 
dient to  commence  with  me- 
thane in  order  to  produce 
the  tetrachloride,  because 
methine  chloride  (C  H  Cl„ 
chloroform)  is  easily  pro- 
cured by  other  means,  and 
then,  beginning  with  this 
18 
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chlorinated  methane  we  can,  by  passing  chlorine  into  the  boiling 
liquid,  finally  substitute  the  remaining  hydrogen  atom : 

CH  Cls  +  2  CI  =  C  CI,  +  H  CI. 

Carbon  tetrachloride  is  a  colorless  liquid  which  boils  at  76.5° 
and  which,  unlike  most  of  the  chlorides  of  the  not-metals,  is  but 
slowly  decomposed  by  cold  water;  on  warming  with  an  excess  of 
water  it  is,  however,  readily  converted  into  carbonic  and  hydro- 
chloric acids,  but  carbonic  acid,  like  all  acids  whose  anhydrides 
are  gases,  at  once  breaks  down  into  its  anhydride  and  water,  so 
that,  although  we  may  consider  orthocarbonic  acid  to  be  the  first 
result  of  the  reaction,  carbon  dioxide  is  the  only  tangible  carbon 
compound  produced : 

roH 

=    C. 


1. 


2. 
3. 


C 


rCl  +  H  OH 

CI  +  H  OH 

1  CI  +  H  OH 

tCl  +  H  OH 


V. 


gg  +  4HCl 
OH 


Figure  47. 


C  (OH),  =  C  O  (0H)2  +  H2  O,  and 
CO(OH)2  =  C02  +  H2  0. 

The  action  of  alkalis  differs  from  that  of 
water  for  when  carbon  tetrachloride  is  treated 
with  potassium  or  sodium  hydroxide  the 
stable  potassium  or  sodium  carbonate  is  pro- 
duced. 

Carbon tetrabromide,  C  Br,,  and  tetra- 
iodide,  C  I,,  are  also  known;  the  former  is  a 
solid  which  melts  at  91°  and  boils  at  189.5°, 
the  latter  is  a  solid  which  breaks  down  into 
carbon  and  iodine  when  heated. 
^.  The  two  oxides  of  carbon  are  carbon  mon- 
oxide, C  O,  and  carbon  dioxide,  C  Oa,  only 
the  latter  acts  like  the  anhydride  of  an  acid.* 
T:  Carbon  dioxide  was  formerly  supposed  to 
be  the  only  oxide  of  carbon,  for  carbon  mon- 
oxide even   as   recently  as  the  beginning  of 


•A  few  cases  in  which  carbon  monoxide  exhibits  acidic  properties  are  known.  For 
Instance,  it  unites  with  solid  caustic  potash  when  heated,  forming  potassium  formate: 
CO-hKOH  +  CHOtK. 
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this  century  was  believed  to  be  identical  with  hydrogen,  or  at  least 
to  contain  hydrogen.  Woodhouse,  of  Philadelphia,  in  the  year  1800, 
first  proved  the  combustible  gas  obtained  by  reducing  metallic  oxides 
with  charcoal  not  to  be  hydrogen  and  demonstrated  that  it  contained 
carbon,  but  carbon  monoxide  was  not  recognized  as  a  combustible 
oxide  of  carbon  until  after  the  year  1802. 

Carbon  monoxide  is  produced  by  the  incomplete  combustion 
and  also  by  the  dry  distillation  of  bituminus  coal  and  of  organic 
matter;  for  this  reason  it  occurs  in  illuminating  gas.  Carbon  mon- 
oxide is  likewise  always  formed  when  reducible  metallic  oxides,  such 
as  those  of  iron  or  zinc,  are  heated  with  charcoal: 

Zn  O  +  C  =  Zn  +  CO. 
Fe203  +  3C  =  2Fe+  SCO. 

indeed,  the  heating  of  metallic  oxides  with  charcoal  is  a  general 
method  of  preparing  metals  from  their  ores.  These  reactions  are, 
however,  like  many  others,  reversible,  so  that  carbon  dioxide  is 
reduced  to  carbon  monoxide  by  metals  such  as  iron  or  zinc,  when 
these  are  heated  to  a  high  temperature.  At  1300°  carbon  dioxide  is 
partially  decomposed  into  carbon  monoxide  and  carbon.  When 
steam  is  passed  over  red-hot  charcoal,  carbon -monoxide  and  hydro- 
gen are  produced: 

H2  O  +  C  =  CO  +  2  H, 

and  the  mixture  of  combustible  gases  so  obtained,  after  being  passed 
through  volatile  hydro-carbons,  is  quite  extensively  used  as  illumin- 
ating gas.  Carbon  dioxide  can  act  like  water  in  this  respect,  for 
when  it  is  passed  through  a  layer  of  hot  coal,  charcoal  or  coke,  car- 
bon monoxide  results,  as  follows: 

CO2  +  C  =  2  CO. 

It  is  for  this  reason  that  the  carbon  dioxide  produced  by  the  free 

combustion  of  the  coal  just  above  the  grate  in  a  stove  is  changed  to 

carbon  monoxide  by  passing  over  the  hot  coals  above.     In  many 

cases  carbon  monoxide  acts  as  a  reducing  agent,  for  instance,  the 

gas  passed  over  red-hot  ferric  oxide  reduces  the  latter  to  metallic 

iron : 

Fca  O3  +  3  CO  =  2  Fe  +  3  CO^. 
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In  order  to  prepare  carbon  monoxide  for  laboratory  use  advan- 
tage is  taken  of  the  decomposition  of  oxalic  acid  by  heat  or  by 
means  of  concentrated  sulphuric  acid.*  The  acid  breaks  down  as 
follows : 

CO  OH       /~iQ      'OTT 

■         or  C,  O,  Hj  =  CO,  +  CO  +  HjO. 


«  

CO  OH      ^^^ 


H 


The  sulphuric  acid  which  is  added  assists  the  operation  by  reason 
of  its  great  tendency  to  take  up  water/*  The  carbon  dioxide, 
formed  simultaneously  with  carbon  monoxide,  can  be  removed  by 
passing  th<5  mixture  of  gases  through  a  solution  of  potassium  hydrox- 
ide, by  which  means  potassium  carbonate  is  formed,  while  the  carbon 
monoxide  can  be  collected  over  water. 

Carbon  monoxide  is  a  colorless  gas  which,  when  it  is  pure,  has 
scarcely  any  odor.  Its  specific  gravity,  air  =  1,  is  .968.  Carbon 
monoxide  is  one  of  the  gases  which  is  with  difficulty  condensed 
to  a  liquid,  it  does  not  become  fluid  at  — 136°  and  under  150  atmos- 
pheres pressure,  however,  the  application  of  a  still  greater  cold 
changes  it  to  a  colorless  liquid  which  boils  at  — 190°  under  760  m.  ra. 
pressure  and  which  becomes  solid  at  — 199°.  One  volume  of  water 
dissolves  about  .2  of  a  volume  of  carbon  monoxide,  the  gas  is,  how- 
ever, quite  soluble  in  a  hydrochloric  or  ammoniacal  solution  of 
cuprous  chloride. 

Carbon  monoxide  burns  readily  in  oxygen  or  in  air;  the  product 
of  the  combustion  is  carbon  dioxide: 

CO  +  O  =  COo. 

The  pale  blue  flames  observed  above  an  anthracite  coal-fire  are 
caused  by  carbon  monoxide. 

The  gas  acts  as  a  poison,  replacing  the  oxygen  which  is  chem- 
ically combined  in  the  blood  by  an  equal  volume  of  carbon  monox- 
ide, each  molecule  of  the  latter  substance  must  therefore  take  the 
place  of  a  molecule  of  oxygen  in  oxyhsemoglobin,  thereby  destroying 
the  oxidizing  powers  of  the  blood,  for,  as  carbon  monoxide  forms  a 
more  stable  compound  with  hiemoglobin  than  does  oxygen,  it  is 
obvious  that,  once  the  carbon  monoxide-haemoglobin  is  formed,  the 

*Thts  n>actlon  is  common  to  other  dibasic  organic  acids. 
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latter  compound  cannot  be  broken  up  by  oxygen.     Blood  which  has 

been   saturated   with  carbon  monoxide  retains  its  red  color  for  a 

longer  time  than  that  which  has  been  oxygenated.* 

Carbon   monoxide,    when    mixed   with   chlorine   and  placed  in 

the  sunlight,   unites  directly   with  that  element  to  form  carbonyl 

chloride : 

CO  +  2  CI  =  CO  CI2; 

this  reaction  being  exactly  like  the  similar  one  observed  in  the  case 
of  sulphur  dioxide,  (see  page  141),  water  readily  decomposes  car- 
bonyl chloride,  forming  hydrochloric  acid  and  carbon  dioxide.  This 
reaction  can  be  considered  as  taking  place  in  two  phases. 

rci  +  HOH  roH 

i,     C  -^O  =     C  ^O        +     2HC1. 

(Cl  +  HOH  (oh 

(^^  (o 

2.   c  ^o      =    c  ^>;  +  H2O. 

(OH        r 

The  substance  reacts  in  a  similar  way  with  ammonia,  forming 
carbonyl  diamide  (urea)  and  hydrochloric  acid.f 


C 


Carbonic  acid,  H2CO3,  can  therefore  be  considered  as  carbonyl 
chloride  in  which  two  chlorine  atoms  have  been  replaced  by 
hydroxyle  groups,  the  acid  itself,  however,  does  not  exist,  it  is  only 
known  as  its  anhydride  CO2,  while  from  the  above  reaction  it  is 
evident  that  urea  is  carbonic  acid  in  which  two  hydroxyle  groups 
have  been  replaced  by  NHg. 

Carbon  dioxide  is  of  far  greater  importance  than  carbon  mon- 
oxide. Its  occurrence  in  the  atmosphere  and  the  manner  and  sources 
of  its  production  were  discussed  on  pages  161  and  162. 

Phenomena  by  which  carbon  dioxide  are  produced  were  known 
in  the  earliest  times,  but  the  gas  itself  escaped  observation.     It  was 

^Carbon  monoxide  can  readily  be  detected  in  the  blood  by  means  of  the  peculiarity 
of  the  absorption  spectrum  of  blood  saturated  with  that  gas. 

tThe  monovalent  group  N^Hg  is  called  the  amido  group;  see  page  185. 


Cl        NH, 

(NH, 

0    + 

=   c 

^  0       +  2  H  Cl 

Cl        NH3 

(nh, 
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not  until  the  close  of  the  sixteenth  century  that  a  peculiar  gas,  which 
we  now  know  to  be  carbon  dioxide,  was  observed  escaping  from 
some  mineral  waters;  Van  Helmont  (1577-1644)  first  dis- 
tinguished this  gas  from  others  under  the  name  of  gas  sylvestre,  and 
showed  that  this  substance  was  produced  by  the  action  of  acids  on 
alkalis  or  lime,  by  the  burning  of  coals,  and,  in  addition,  was  also 
formed  during  the  processes  of  fermentation.  Black  in  1757  showed 
the  difference  between  the  so-called  caustic  alkalis  (now  known  as 
hydroxides)  and  mild  alkalis  (carbonates)  and  found  that  a  peculiar 
kind  of  air,  (carbon  dioxide)  which  he  called  fixed  air,  was  expelled 
from  the  latter  by  the  addition  of  acids.  Lavoisier  first  explained 
the  true  nature  of  carbon  dioxide  and  gave  to  it  the  name  of 
aeide  earbonique. 

Pure  carbon  dioxide  can  best  be  prepared  by  the  addition  of  an 
an  acid  to  some  carbonate: 

Na^  CO3  +  2  H  CI  =  2  Na  CI  +  H2  O  -h  CO^, 
Ca  CO3  +  2  H CI  =  Ca  Cl^  +  H2  O  +  CO^; 
Na2  CO3  +  H2  SO,  =  Na2  SO,  +  Hj  O  +  CO,. 

Because  carbonic  acid  is  one  of  the  weak  acids  and  because  it  so 
readily  breaks  down  into  water  and  gaseous  carbon  dioxide  (see 
page  274)  it  follows  that  almost  any  other  acid  will  liberate  carbon 
dioxide  from  the  carbonates,  so  that  the  general  formula: 


M2  CO3  +  2  H  X  =  2  M  X  +  H2  O  +  CO 


2 


where  M  represents  a  univalent  metal,  and  H  X  a  monobasic 
acid,  will  hold  good  with  very  few  exceptions.*  The  most  con- 
venient method  of  preparing  carbon  dioxide  for  laboratory  use  is 
by  the  action  of  dilute  hydrochloric  acid  on  the  carbonate  of 
calcium.  ^^ 

Carbon  dioxide  is  a  colorless  gas,  which  neither  burns  nor  supports 
combustion.  It  has  a  specific  gravity  of  1.529,  air=l,  or  44,  H=2, 
its  molecular  weight  is  therefore  44  and  its  formula  CO2 .  This  form- 
ula is  further  sustained  by  the  fact  that  there  is  no  change  in  the 


•Some  few  acids,  like  hydrocyantc  acid,  are  unable  to  decompose  carbonates,  while 
some  few  carbonates  which  occur  as  minerals  (for  instance,  dolomite)  are  not  readily 
attacked  by  dilute  acids.  Quite  a  number  of  organic  substances  which  act  like  acids  are 
unable  to  decompose  carbonates. 
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;  of  which,  At  atmospheric 


volume  of  the  gas  when  carbon  burns  in  pure  oxygen,  bo  that  each 
molecule  of  carbon  dioxide  must  contain  one  molecule,  or  two  atoms, 
of  oxygen.  Because  carhon  dioxide  has  such  a  high  apecific  gravity 
it  can  be  poured  downward  from  any  vessel  containing  it,  and  it  is  for 
this  reason  that  carbon  dioxide  collects  at  the  bottom  of  wells  and 
mines  Into  which  the  gas  ia  escaping."  Cold  and  pressure  combined 
condense  carbon  dioxide  to  a  liquid  which  boils  at-^78.2°,*  the  vapor 
tension  of  fluid  carbon  dioxide  is  36  atmoapheree  at  0"  and  73  atmos- 
pheres at  30°,  the  critical  point  is  30.9°,  above  this  temperature  no 
pressure  can  convert  the  gas  into  a  fluid.  When  carbon  dioxide 
rapidly  evaporates  in  a  vacuum,  the  temperature  sinks  to  97°;  the 
liquid,  when  allowed  to  escape  from  a  small  opening,  condenses  to  a 
white,  snow-like  mass,  the  t«mperatun 
pressure,  is  -60°.  Liquid  carbon  diox- 
ide is  colorless  and  has  a  specific  gravity 
of  .995  at  10°.  Liquid  carbon  dioxide 
is  extensively  used  in  commercial  oper- 
ations, for  instance  in  the  manufacture 
of  soda  water,  in  fire  extinguishers  and 
in  operations  where  the  great  pressure 
exerted  by  it  can  be  used.  A  mixture 
of  solid  carbon  dioxide  and  ether  when 
placed  under  a  vacuum  can  produce  a 
cold  of— 110°. 

Carbon  dioxide  is  the  anhydride  of 
carbonic  acid,  but  the  latter  substance  fioure  48- 

is  extremely  unstable.  It  is  probably  formed  as  a  white  mass 
when  the  pressure  is  suddenly  removed  from  carbon  dioxide  which, 
in  the  presence  of  water,  has  been  nearly  condensed  to  a  liquid 
at  0°.  There  is  no  probability  that  water  which  is  saturated  with 
carbon  dioxide  at  ordinary  temperatures  contains  the  acid  Hj  CO, 
as  such,  for  the  solution  behaves  physically  like  an  ordinary  gas 
solution  and  not  like  that  of  an  acid;  on  the  other  hand,  the  car- 
bonates of  the  pronounced  metals  are  extremely  stable  substanceB 
yet,  with  a  diminution  of  the  metallic  nature  of  the  salt-forming 
element,   the  carbonates  become    less  stable   until  very  weak  bases 
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like  the  oxide  of  aluminum  or  ferric  oxide  cannot  react  with  car- 
bonic acid  at  all. 

The  carbonates  are  all  derived  from  a  dibasic  acid  Hj  COg.  The 
secondary  carbonates,  Mg  CO3,  are  as  a  rule  insoluble  in  water,  only 
those  of  the  alkali  metals  and  of  ammonium*  dissolve,  the  other 
carbonates  can  therefore  be  obtained  from  these  by  precipitation 
with  the  soluble  salt  of  some  other  metal,  for  example: 

Na,  CO3  +  Ba  Cl^  =  Ba  CO3  +  2  Na  CI. 

Soluble.  Soluble.         Insoluble.  Soluble. 

The  carbonates  of  the  alkali  metals  can  be  fused  without  change, 
all  other  carbonates  are  more  or  less  readily  decomposed  into  carbon 
dioxide  and  the  metallic  oxide  by  heating,  thus: 

Ca  COa  =  Ca  O  +  CO2, 

and  this  decomposition  takes  place  the  more  readily  the  less  basic 
the  metallic  oxide  is,  so  that  many  carbonates  are  even  decomposed 
on  boiling  with  water.  This  increasing  stability  of  the  carbonates 
with  the  increase  in  the  metallic  character  of  the  salt  forming  ele- 
ment is  exactly  parallel  with  the  same  gradation  observe^  in  the 
chlorides  of  the  elements  of  the  phosphorus  family,  (see  page  211). 
The  primary  carbonates,  with  the  exception  of  those  of  the 
alkalis,  exist  only  in  aqueous  solution,  they  can  be  obtained,  where 
their  existence  is  possible,  by  treating  a  solution  of  a  secondary 
carbonate  or  even  a  finely  divided  insoluble  secondary  carbonate 
suspended  in  water,  with  carbon  dioxide;  they  are  unstable  and  are 
readily  broken  down  by  heat: 

2  Na  HCOg  =  Na,  CO3  +  H2  O  +  CO2; 

where  they  exist  they  are  soluble.  The  solution  of  calcium  carbon- 
ate in  temporary  hard  water  is  caused  by  the  formation  of  the 
primary  calcium  carbonate  by  means  of  the  carbon  dioxide  contained 
in  the  air  or  added  to  the  water  by  decaying  substances: 

Ca  CO3  +  Ha  CO3  =  Ca  (HCOs)^. 

This  soluble  primary  carbonate  is  decomposed  when  the  water 
evaporates  f  or  when  it  is  heated.     The  temporary  hard  waters  for 

*  Lithium  carbonate  is  soluble  with  difficulty, 
t  Formation  of  stalactites. 


GENEKAL  DESCRIPTIVE  CHEMISTRY.  281 

this  reason  deposit  their  calcium  carbonate  as  a  white  coating  on  the 
walls  of  the  kettle  in  which  they  are  boiled. 

Secondary  carbonates,  when  soluble,  have  a  strongly  alkaline 
reaction,  the  primary  ones  are  neutral.* 

The  following  table  gives  a  few  of  the  most  important  naturally 

occurring  carbonates: 

Calcium  carbonate.   I  Miissive  varieties:  chalk.  limestone,  marble. 

(Ca  COa).  r  <'rystallized  varieties;  calcite  (iceland  spar;,  arragonite. 

Calcium  and  magnesium  carbonate,  (Ca,  Mg),C08,  dolomite. 

Ferrous  carbonate;  Fe  COa,  siderite. 

Barium  carbonate ;  Ba  COs ,  vvitherite. 

Strontium  carbonate;  8r  COs.  strontianite. 

The  above  carbonates  are  frequently  found  as  isomorphous  mix- 
tures. The  carbonates  of  lead,  zinc  and  manganese  are  also  found, 
as  well  as  basic  carbonates  of  copper,  bismuth  and  zinc.  Carbonates 
of  sodium  with  more  or  less  water  of  crystallization  occur  as  soda 
(Na^  CO3  +  10  H2  O)  and  trona  (Na,  Ha  [COgJa  3  Hg  O). 

The  compound  of  carbon  and  sulphur  which  corresponds  to  C  Og 
is  C  83,  carbon  disulphide.  This  liquid  can  be  formed  by  heating 
carbon  in  sulphur  vapor,  so  that  the  method  of  its  production  cor- 
responds to  that  of  carbon  dioxide.  Carbon  disulphide  is  a  colorless, 
mobile  liquid,  which,  when  pure,  has  a  pleasant  ethereal  odor.  Its 
specific  gravity  is  1.29,  the  specific  gravity  of  its  vapor  is  2.626 
(air  =  1),  it  boils  at  48°  and  is  very  little  soluble  in  water.  When 
gently  warmed  with  the  alkaline  sulphides,  carbon  disulphide  is 
dissolved  while  the  salts  of  sulpho-acids  are  formed : 

JV2  0  -f-  0   02   =   JV2  O   03. 

These  salts  of  trithiocarbonic  acidf  correspond -to  those  of  carbonic 
acid,  the  oxygen  atoms  in  the  latter  having  beten  replaced  by  sul- 
phur, on  addition  of  acids  to  the  salts,  trithiocarbonic  acid,  Hg  C  S3, 
separates  as  an  oil : 

K2  C  S3  +  2  H  CI  =  H2  C  S3  +  2  K  CI, 

*Tbey  have  no  effect  in  litmus  or  turmetic  paper  but  do  have  an  alkaline  reaction 
toward  rosolic  acid. 

i  The  n&me  trithiocarbonic  acid  \s  derived  from  Qelov  sulphur,  and  the  name  thio- 

acids  is  frequently  employed  for  sulpho-acids  and  thio  compounds  for  sulpho  compounds. 

An  endeavor  is  made  to  establish  the  following  distinction:— where  sulphur  is  attached  to 

carbon  only,  it  is  called  sulpho,  where  it  is  attached  to  carbon  on  the  one  hand  and  a 

metal,  or  a  group  of  elements  acting  like  a  metal,  on  the  otner.  it  is  called  thio;  thus : 

(— SH  -SH 

C-( O  is d{£/i(ocarbonic acid  and  OS         is  sidphothioc&Tbonlc  acid.    This  nomen- 

l-SH  -OH 

•elature  is,  however,  only  logically  carried  out  with  the  compounds  of  carbon. 
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but  the  thio  acid  so  produced,  although  it  is  not  as  unstable  as  the 
corresponding  oxy-acid,  nevertheless,  gradually  breaks  down  as  fol- 
lows : 

H2  C  S3  ^  H2  S  -j-  C  ©2, 

just  as  carbonic  acid  decomposes  into  water  and  carbon  dioxide. 
These  reactions  of  carbon  disulphide  remind  us  forcibly  of  the  simi- 
lar ones  encountered  with  the  sulphides  of  arsenic  and  antimony. 
(See  pages  235,  245).  A  compound  of  carbon,  oxygen  and  sulphur, 
having  the  formula  COS,  which  lies  between  the  dioxide  and  sul- 
phide of  carbon,  as  well  as  acids  derived  from  it,  are  also  known. 


GENERAL  DKSCRIPTIVE  CHEMISTRY.  283 


CHAPTER  XLI. 


COMl'OUKDS  QF  CARBON  WITH  NITROGEN,  WITH  NITRO- 
GEN AND  HYDROGEN,  AND  WITH  NITROGEN, 
OXYGEN  AND  HYDROGEN. 

Only  a  very  few  of  the  more  important  of  tliese  compounds  which 
can  be  strictly  considered  as  belonging  to  the  realm  of  inorganic 
chemistry  can  be  briefly  considered  here.  The  most  prominent  of 
the  substances  to  be  discussed  are  derivatives  of  the  monovalent 
group  of  elements  cyanogen,*  C  N.  This  group  can  be  attached  to 
other  elements  or  groups  of  elements  in  two  ways,  either  by  the 
element  nitrogen,  M  N  C,  or  by  carbon,  M  C  N;  in  the  first  case 
isocyanides  are  formed,  in  the  second  true  cyanides  (also  called 
nitriles).    Representatives  of  both  classes  of  compounds  are  known. f 

All  nitrogen -bearing  organic  compounds,  or,  indeed,  the  nitrogen- 
ous coals  derived  from  these,  respectively  yield  the  cyanides  of  sodium 
or  potassium  when  heated  with  one  of  those  metals;  the  cyanide 
of  potassium  is  also  formed  when  coal  which  contains  nitrogen 
compounds  is  heated  with  common  potash,  by  this  means  the  greater 
quantity  of  the  cyanide  of  potassium  which  finds  commercial  appli- 
cation is  prepared.  Free  cyanogen  can  be  formed  by  heating  the 
cyanide  of  mercury  to  a  dark  red  heat: 


Hg{gJJ  =  Hg  +  (CN),. 


The  group  C  N  is  as  incapable  of  individual  existence  as  is  methyl^ 
C  H3,  two  of  the  radicals  therefore  unite  to  form  dicyanogen,. 
ON  —  C  N,  just  as  methyl  unites  to  form  dimethyl.  J 

•From  ;t^^^avor  blue. 

+The  pupil  must  refer  to  some  larger  work  on  organic  chemistry  for  the 
reactions  which  characterize  the  isocyanides. 

t  Cyanogen  can  he  considered  as  methyl  in  which  three  atoms  of  hydrogen  are 
replaced  by  one  atom  of  trivalent  nitrogen,  viz: 


_cj_|j.-c]-N 
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Cyanogen  is  a  colorless  gas,  extremely  poisonous,  with  an  irritat- 
ing odor.  Its  specific  gravity  is  1.804,  air  =  1,  or  51.9,  H  =  2, 
while  the  molecular  weight  of  (CN)2  is  52.  The  gas  is  quite 
soluble  in  water  and  is  corabusjtible,  burning  with  a  characteristic 
purple  flame.  It  liquifies  at  — 20.7°  and  becomes  solid  at  — 34.4°. 
Aqueous  solutions  of  cyanogen  gradually  decompose. 

Chemically,  cyanogen  greatly  resembles  the  halogenes;  the 
monovalent  group  CN  when  united  with  hydrogen  forms  hydro- 
<jyanic  acid  just  as  chlorine,  similarly  united,  forms  hydrochloric 
acid;  furthermore,  hydrogen,  s?odiuni  or  potassium  will  unite  directly 
with  cyanogen  to  form  hydrocyanic  acid,  sodium  cyanide  or  potas- 
sium cyanide,  just  as  the  same  elements  would  unite  with  chlorine  to 
form  hydrochloric  acid,  sodium  or  potassium  chloride.  The  group 
CN,  cyanogen,  is  therefore  a  compound  radical  acting  like  a  not 
metal  and  is  chemically  the  opposite  of  the  nietal-like  radical 
ammonium. 

Hydrocyanic  acid  *  is  best  prepared  according  to  the  general 
method  by  adding  an  acid  to  a  cyanide. 

2  K  CN  +  H2  SO,  =  2  H  CN  -f  K,  SO^.f 

When  pure,  hydrocyanic  acid  is  a  colorless,  mobile  liquid  which 
boils  at  26.5°  and  meits  at  — 15°,  it  is  without  acid  reaction  toward 
litmus  and  has  a  peculiar  odor  somewiiat  resembling  that  of  bitter 
almonds.  It  is  intensely  poisonous  even  when  inhaled  in  small 
quantities,  one  drop  placed  on  the  tongue  of  a  dog  will  cause  instant 
death;  the  poison  can  also  act  through  contact  with  abrasions  of  the 
skin.  The  acid  mixes  with  water  in  all  proportions  and  solutions 
of  varying  strength  form  the  commercial  prussic  acid. 

Two  structural  formulae  are  possible  for  hydrocyanic  acid, 
namely,  C  =  N  —  H  and  H  —  C  —  N,  in  the  first  one  of  these  the 
hydrogen  atom  is  attached  to  nitrogen,  in  the  second  to  carbon; 
organic  derivatives  of  both  forms  are  known,  the  cyanides  of  the 
metals  are  most  probably  derivatives  of  the  first  form,  CN  H.+ 

*  Also  called  prussic  acid  becaiHd  it  Is  the  s  >  ir  ;e  of  prussian  blue. 

tThe  usual  nietliod  Is  to  dec  unpose  potassium  ferrocyanide  (see  latter)  with  sul 
phuric  acid. 

X  The  experiments  which  seem  to  indicate  that  cyanides  are  derived  from  both 
forms  of  hydrocyanic  acid  can  easily  be  explaioed  on  the  assumption  that  they  are  ail 
derived  from  the  first  form. 
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Hydrocyanic  acid  is  a  very  weak  acid,  the  cyanides  of  the 
alkali  metals  and  of  barium,  calcium  or  strontium  are  even  decom- 
posed by  moist  carbon  dioxide,  so  that  these  substances,  when  in 
contact  with  the  air,  emit  an  odor  of  hydrocyanic  acid.  The 
cyanides  of  most  of  the  heavy  metals  are  insoluble,  an  excep« 
tion  to  this  rule  is  the  cyanide  of  mercury;  some  of  these  cyanides 
are  not  readily  decomposed  by  acids;*  on  the  other  hand,  the 
alkaline  cyanides,  which  are  so  readily  decomposed  by  weak  acids, 
are  extremely  stable  when  heated;  they  can  even  be  fused  with- 
out undergoing  a  chemical  change.  Almost  all  cyanides  which 
are  soluble  in  water  are  converted  into  so-called  double  cyanides 
when  treated  with  the  cyanides  of  the  alkalis.  Many  of  these 
double  cyanides  are  stable,  crystalline  bodies  which  have  the  nature 
of  chemical  compounds;  for  example,  ferrous  cyanide  when  brought 
in  contact  with  potassium  cyanide  forms  a  double  cyanide  of  the 
formula  Fe  (CN)2  +  4  K  CN. 

Fe(CN)2         +  4KCN  =       K,  (CN)e  Fe. 

Ferrous  cyanide        +  Potassium  cyanide  =    PotJissium  ferrocyanide. 

Potassium  ferrocyanide  bears  no  resejnblance  either  to  potassium 
cyanide  or  to  ferrous  cyanide,  it  is,  indeed,  the  salt  of  a  tolerably 
strong  crystalline  acid,  hydroferrocyanic  acid,  H4  (CN)6  Fe,  which 
latter  can  be  prepared  by  the  addition  of  strong  hydrochloric  acid 
to  potassium  ferrocyanide;  the  ferric  salt  of  this  acid,  ferric  ferrous 
cyanide,  can  be  obtained  from  potassium  ferrocyanide  by  adding  a 
ferric  salt: 

3  K,  (CN)e  Fe  +  4  Fe  CI3  =  Fe,  [(CN)e  Fejg  +  12  K  CI. 

This  substance  is  the  insoluble  blue  dye  known  as  prussian  blue. 

Ferric  cyanide  is  also  able  to  form  a  double  salt  with  potassium, 

cyanide. 

Fe  (CN)3  +  3  K  CN  =  K3  (CN)^  Fe, 

and  this  substance,  on  addition  of  a  ferrous  salt,  also  forms  an 
insoluble  blue  compound,  Turnbull's  blue.f  The  cyanides  of  other 
metals  which  are  chemically  closely  allied  to  iron  can  form  similar 
double  cyanides;  a  larger  work  must  be  consulted  in  regard  to  the 
properties   of   those    compounds.     When   cyanide  of  potassium   is- 

♦  Mercury,  silver  and  pol<I. 

t  Probably  identical  with  prussljiii  blue. 
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oxidized*  it  changes  to  the  cyanate  of  potassium,  CN  OK.  This 
oxidation  is  easily  explained  if  we  consider  hydrocyanic  acid  as 
analogous  to  carbon  monoxide: 

C=N— H,  0=0, 

Hydrocyanic  acid,  Carbon  monoxide; 

for  then  it  would  naturally  follow  that  the  former  would  be  oxidized 
as  readily  as  the  latter: 

C=N— H  +  O  =  C  I  Q~^  and  C=0  +  O  =  C  |  ^ 

It  seems  highly  probable,  however,  that  the  salts  of  this  cyanic  acid 
assume  another  form,  namely,  one  in  which  the  metallic  atom  is 
attached  to  oxygen : 

C  {  =?-"  +  ^"  =  <=  i  ILk  +  HOH.t 

Such  a  difference  between  the  structure  of  the  free  acid  and  of 
the  salts  derived  from  it  seems  not  unlikely  if  the  great  tendency  to 
unite  with  oxygen  which  is  displayed  by  potassium  or  sodium  is 
remembered.  The  acid  having  the  formula  CO  NH  is  more  accur- 
ately called  isocyanic  acid,  and  the  one  with  the  structure  CN  OH, 
cyanic  acid.  Isocyanic,  or  ordinary  cyanic  acid,  is  a  very  mobile, 
volatile  liquid  which  is  only  stable  below  0°,  its  odor  resembles  that 
of  sulphur  dioxide.  A  polymeric  form  of  cyanic  acid,  (CN  0H)3, 
cyanuric  acid,  is  also  known,  it  is  a  solid  substance. 

The  ammonium  salt  of  cyanic  acid,  ammonium  cyanate,  on 
standing  or  more  rapidly  on  heating,  changes  into  urea,  a  sub- 
stance of  the  greatest  physiological  importance: 

CNO  NH,  =  CO  (NHOz. 

Urea  can  be  considered  as  carbonic  acid  in  which  both  hydroxyles 
have  been  replaced  by  the  amido  group,  NHj. 

r  OH  r  — NHa 

c  ^o  c  ^o 

(oh  (— HHa 

Carbonic  acid.  Urea. 

*  This  oxidation  even  takes  place  upon  exposing  potassium  cyanide  to  the  air. 

t  Organic  derivatives  obtained  from  the  cyanates  undoubtedly  are  derived  from 
cyanic  acid  of  the  first  formula,  CO  NH.  but  this  fact  does  not  seem  to  prove  that  tlie 
metal  in  the  cyanates  is  attached  to  nitrogen . 
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On  the  other  hand,  when  urea  is  heated  it  gives  oft  ammonia  and 
changes  into  the  polymeric  form  of  cyanic  acid  (cyan uric  acid). 
Urea  is  a  solid,  white,  crystalline  substance  which  melt«  at  132°, 
and  which  occurs  in  many  animal  excreta,  especially  in  the  urine. 
If  both  hydroxyle  groups  in  carbonic  acid  can  be  replaced  by  the 
amido  group,  NHj,  it  seems  reasonable  to  suppose  that  a  compound 
may  exist  in  which  only  one  of  these  has  been  substituted  in  this 
way,  and  indeed,  such  a  substance  is  found  in  carbamic  acid: . 

CO2  HNH2; 

C  <  OH  carbonic  acid  and  C  •<  OH   carbamic  acid. 
I  OH  I  NH2 

This  acid  is  not  known  in  the  free  state,  but  its  ammonium  salt, 

C   J  ONH     ^®  f^ouiid  in  commercial  carbonate  of  ammonia,  on  heat- 
1  -i^TT    *'  ing  to  130°  this  compound  changes  into  urea: 


(O  (O 


C  ]  ONH,  =:  C  i  NH2  +  H2  O. 

(NH2  (nh^ 

Another  interesting  method  by  which  urea  can  be  formed  is  by  means 
of  the  action  of  ammonia  on  carbonyl  chloride: 

(  CI     NH3         r  NH2 

C^0+  =0-^0      +2HC1, 

(CI      NH3  (NHa     • 

for  this  change  is  analogous  to  the  reaction  which  takes  place  when 
water  acts  on  the  same  substance : 

(  CI  +  HOH  (  OH 

C^O  =C-^0+2HCl,  (see  page  277). 

(  CI  +  HOH  I  OH 

The  oxygen  atom  in  a  formula  weight  of  urea  can  be  replaced  by 
the  divalent  group  =NH,  and  the  resulting  compound  (guanidine), 
which  has  the  formula 

(NH 

C  ]NH2 

(  NHa  differs  from  urea  but  little  in  its  character. 

All  of  the  foregoing  compounds  are  extremely  interesting  from  a 
theoretical  standpoint  because  they  illustrate  the  close  resemblance 
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between  the  chemical  nature  of  nitrogen  and  hydrogen  united  in 
the  amido  group  and  oxygen  and  hydrogen  in  hydroxyle,  for  the 
amido  group  can  take  part  in  the  formation  of  compounds  just  as 
readily  as  the  more  familiar  hydroxyle,  and  ammonia  can,  there- 
fore, play  much  the  same  role  as  water  in  the  reactions  displayed  by 
these  carbon  compounds.  This  similarity  between  nitrogen  and  oxy- 
gen compounds  serves  to  illustrate  forcibly  the  fact  which  has  been 
repeatedly  pointed  out,  namely,  that  no  element  is  isolated  in 
properties  and  chemical  character  and  it  should  be  the  endeavor  of 
every  student  of  science  to  detect  and  understand  the  resemblances 
which  are  in  reality  present. 

The  connection  between  the  compounds  discussed  in  this  and  in 
the  preceeding  chapter  will  be  more  apparent  from  a  study  of  the 
following  table  in  which  they  have  been  placed  side  by  side : 


less  water  give. 


less  ammonia  give. 


2. 


CJ  OH 
iOH 

carbonic  acid. 


r~ 


carbamic  acid, 


urea. 


fNH 
C^NH, 
(NH, 

guanidine. 


— H,0 
O 


3.     C 


O 


— H,0  — NH, 


— H,  O 


— NH,       — NH, 

^{nh      ^{nh. 


carbon  dioxide,   cyanic  acid,     carbon  dioxide,    cyanamide.     cyanic  acid,    cyanamide. 

*  Cyanamide  is  a  solid,  melting  at  40°  and  differing  from  urea  by  one  molecule  of  water. 
The  hypothetical  compounds  b,  <;,  d,  6  are  supposed  to  be  derived  from  the  hypothe- 
tical normal  carbonic  acid  (a)  by  replacing  hydroxyle  groups  by  amido  groups  (OH  by 
NHs).  In  this  table  the  hydroxyle  group  is  considered  as  analogous  to  the  amido  group 
and  of  equal  valence  and  the  group  NH  (imide  group)  as  analogous  to  a  divalent  oxygen 
atom.  Of  the  conipounds  under  (2)  carbonic  acid  and  carbamic  acid  are  only  known  in 
their  derivatives. 
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CHAPTEK  XLII. 


SILICON,  THE  COMPOUNDS  OF  SILICON  WITH  HYDEOGEN 

AND  WITH  THE  HALOGENES. 

Silicon,  symbol  Si,  atomic  weight  28,4,  specific  gravity  of  solid  {gra^ 
phitoidal)  2,49. 

Silicon  never  occurs  in  nature  as  the  uncombined  element,  but 
silicon  compounds  are  among  the  most  important  and  widely  distri^ 
buted  constituents  of  the  crust  of  the  earth,  the  primitive  crystalline 
rocks  are  in  greater  part  either  silicon  dioxide  or  else  salts  of  the 
various  silicic  acids  so  that,  it  has  been  estimated,  27.2  per  cent,  of 
the  globe  (excluding  the  atmosphere)  consists  of  silicon.  Despite 
the  abundance  of  silicon  compounds  the  element  itself  was  not  dis^ 
covered  until  1823,  in  which  year  it  was  isolated  by  Berzelius. 

Silicon  is  best  prepared  by  the  reduction  of  some  of  the  halogene 
compounds  of  the  element  by  means  of  sodium  or  potassium;  for 
instance,  by  passing  the  vapors  of  the  tetrachloride  of  silicon  over 
heated  sodium: 

Si  CI4  +  4  Na  =  Si  +  4  Na  CI. 

The  element  so  prepared  is  an  amorphous  brown  powder,  which  does- 
not  conduct  electricity;  it  is  readily  ignited  in  the  air,  burning  to 
form  silicon  dioxide.  Silicon  is  produced  when  potassium  or  sodium 
fluosilicates*  are  fused  with  alumimium;  the  alumimium,  uniting^ 
with  tiie  fluorine,  in  part  forms  aluminium  fluoride,  while  the 
unchanged,  molten  metal  dissolves  the  silicon  which  is  liberated; 
when  the  mass  is  cooled  a  portion  of  the  silicon  separates  in  needle- 
shaped  crystals,  f  Silicon  crystallizes  in  greyish  black,  regular 
octahedra  which  have  a  metallic  lustre.  The  silicon  which  is  formed 
from  molten  iron  or  zinc  may  also  have  the  appearance  of  graphite, 

•  Ka  Si  Fe  or  Nas  Si  Fe,  salts  of  fluosilicic  acid,  Ha  Si  F^. 

t  Melted  zinc  or  iron  can  also  dissolve  silicon,  when  they  cool,  the  silicon 
separates  in  crystals;  as  silicon  is  formed  from  silicon  dioxide,  carbon  and  iron  at  a 
high  heat  it  follows  that  ordinary  pig  iron  must  contain  silicon. 

19 
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although  the  crystalline  form  is,  apparently,  the  same  as  that  of  the 
needle  like  crystals;  graphitoidal  silicon  has  a  specific  gravity  of 
2.49;  crystallized  silicon  conduct  electricity  readily  and  cannot  be 
ignited  in  the  air.  When  heated  to  a  high  white  heat,  silicon  can  be 
fused  and  even  cast  into  sticks,  when  cooled  it  solidifies  to  form  a 
mass  which  somewhat  resembles  a  piece  of  pure  crystalline  graphite. 
The  amorphous  and  crystalline  varieties  of  silicon  remind  us  of  the 
similar  forms  displayed  by  carbon. 

Only  one  compound  of  silicon  and  hydrogen,  silicon  hydride, 
Si  H4,  is  known.  This  substance  bears  a  great  resemblance  to  the 
corresponding  compound  in  the  nitrogen  family,  namely  to  phos- 
phine,  for  it  takes  fire  spontaneously  when  brought  into  the  air 
and  it  is  formed  by  the  action  of  an  acid  on  magnesium  silicide, 
just  as  phosphine  is  produced  from  calcium  phosphide.  The  pre- 
paration of  pure  silicon  hydride  is  a  difficult  process.  Silicon 
hydride  is  a  colorless  gas  which,  when  pure,  does  not  take  fire  spon. 
taneously,  but  which  has  such  a  low  kindling  temperature  that  it 
can  readily  be  ignited  by  a  warm  glass  rod,  the  gas  is  liquified  at 
— 11°  by  a  pressure  of  80  atmospheres.  Silicon  hydride  is,  of  course, 
readily  decomposed  by  chlorine  or  bromine,  and  it  resembles  hydro- 
gen  sulphide  and  phosphine  by  producing  precipitates  with  quite  a 
number  of  metallic  salts. 

The  few  compounds  of  silicon  and  the  halogenes  which  exist  are 
of  the  same  general  formula  as  the  corresponding  compounds  of  car- 
bon; silicochloroform,  Si  H  Clg,  corresponding  to  ordinary  chloroform, 
CHClg,  and  silicon  tetrachloride,  Si  CI4,  corresponding  to  C  CI4 
serve  to  illustrate  this  resemblance.  The  halogene  compounds  of 
silicon  are  all  unstable  bodies  which  are  decomposed  by  water  to 
form  silicic  acid  and  the  corresponding  halhydric  acid: 

Si  CU+  3  Ha  O  =  SiOa  Ha  +  4HC1. 

The  most  important  halogene  compound  of  silicon  is  undoubtedly 
the  tetrafluoride,  Si  F4 .  This  substance  can  readily  be  produced  by 
the  action  of  hydrofluoric  acid  on  silicon  dioxide : 

SiOa  +  4  H  F  =  Si  F,+  2  H2  O. 

In  this  reaction  the  silicon  dioxide  is  a  base,  for  it  yields  a  salt  and 
water  when  brought  in  contact  with  an  acid.     Silicon  tetrafluoride 
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is  a  colorless  gas  which  fumes  strongly  in  the  air,  because  when  in 
contact  with  water  vapor  it  decomposes  and  forms  silicic  acid.  At 
a  temperature  of  — 100°  silicon  tetrafluoride  is  converted  into  a 
white  solid.  The  specific  gravity  of  the  vapor,  air  =  1,  is  3.6,  a 
number  which  would  agree  with  a  calculated  molecular  w^eight  of 
103.4,  so  that  according  to  this  the  molecule  of  silicon  tetrafluoride 
is  Si  F^.  As  silicon  tetrafluoride  is  readily,  produced  by  the  action 
of  hydrofluoric  acid  on  silicon  dioxide,  it  follows  that  the  acid  will 
attack  glass,  for  that  substance  contains  a  large  proportion  of  silicon 
•dioxide.^*  Water  instantly  decomposes  silicon  tetrafluoride,  forming 
silicic  acid  and  fluosilicic  acid : 

2  Si  F,  +  3  H2  O  =  Ha  Si  Os  +  Si  Fe  Ha  +  2  HF. 

Fluosilicic  acid  is  especially  interesting  because  it  shows  the  chem- 
istry of  fluorine  to  us  in  an  entirely  new  light,  for  if  we  compare  the 
following  two  formulae: 

and  Si  \  FjH 

and  fluosilicic  acid; 

we  see  that  fluosilicic  acid  is  constructed  similarly  to  silicic  acid,  but 
with  this  difference;  for  each  oxygen  atom  in  silicic  acid  we  have 
two  fluorine  atoms  in  fluosilicic  acid.  Two  fluorine  atoms  in  some 
ohemical  compounds  are  therefore  able  to  take  the  place  of  one 
oxygen  atom  without  materially  altering  the  chemical  nature  of 
those  compounds.  Substances  which  are  constructed  in  a  manner 
similar  to  fluosilicic  acid  are  not  infrequent,  but,  as  their  resemblance 
to  oxygen  compounds  is  not  generally  so  marked  as  in  the  case 
under  discussion,  their  true  nature  is  often  misunderstood  and  con- 
•cealed  uiwler  the  names  of  double  salts  (see  aluminium).*  The 
wider  the  range  of  our  acquaintance  with  chemical  compounds 
becomes  the  more  do  we  see  that  the  most  various  substances,  which 
may  ffr  may  not  contain  oxygen,  can  act  as  acids,  provided  only 
they  contain  hydrogen,  which  hydrogen  is  attached  to  a  not  metallic 
element  or  group  of  elements  and  which  hydrogen  can  be  replaced 
by  metals  to  form  salts  (si'e  page  71).     The  reason  for   the  salt 

♦  The  acid  derived  from  ferrocyanic  acid,  H4  Fe  (ON) 61  may  be  cited  as  an 
instance  where  a  complex  compound  containing  hydrogen  and  in  which  cyanogen 
has  taken  the  place  of  oxygen,  can  act  as  an  acid. 


Si 
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formation  is  found  in  the  simple  fact  that  the  salts  produced  by  the 
replacement  of  the  acid  hydrogen  possess  less  chemical  energy  than 
do  the  acids  themselves,  so  that  the  reactions  by  which  these  salts 
are  formed  are  exothermic.  One  consideration  forces  itself  upon 
us  when  we  study  the  structural  formula  of  fluosilicic  acid,  and  that 
is  the  impossibility  of  maintaining  the  theory  of  the  constant  mono- 
valence  of  fluorine,  for,  unless  we  wish  to  take  the  untenable  posi- 
tion that  fluosilicic  acid  is  a  compound  formed  of  finished  molecules 
of  silicon  fluoride  and  hydrofluoric  acid,  is  a  so-called  **  molecular 
compound,'*  we  must  look  upon  the  fluorine  atoms  as  being  divalent 

in  fluosilicic  acid: 

CF—F 
F— F 
^  F— F— H 
F— F— H 

Even  if  we  call  this  acid  a  molecular  compound  (Si  F^,  2  HF)  such 
a  supposition  does  not  help  matters  in  tlie  least,  for  then  we  must 
regard  Si  F^  and  HF  as  still  having  chemical  affinity  at  their  dis- 
posal, which  supposition  is  contrary  to  the  theory  that  silicon  is 
only  tetravalent  and  fluorine  only  monovalent,  for  then  neither  of 
these  compounds  should  be  capable  of  further  union  after  Si  F^  and 
HF  have  been  formed.  So  long,  therefore,  as  our  present  theories 
of  valence  are  maintained  we  must  regard  fluorine  as  being  both 
uni  and  bivalent.  This  conclusion  is  strengthened  by  the  fact  that 
the  specific  gravity  of  hydrofluoric  acid  shows  that  substance  to  be 

H2  Fg. 

Fluosilicic  acid  is  only  known  in  solution,  when  evaporated 
beyond  a  certain  concentration  it  breaks  down  into  silicon  fluoride 
and  hydrofluoric  acid,  much  as  ordinary  silicic  acid  does  into  silicon 
dioxide  and  water.  A  similar  change  takes  place  with  the  fluo- 
silicates,  for  these  salts,  when  heated,  break  down  into  silicon 
tetrafluoride  and  the  fluoride  of  the  metal  entering  into  the  salt: 

Si  Fe  K2  =  Si  F,  +  2  KF. 

Almost  all  of  the  silicofluorides  are  soluble  in  water,  tlie  fluosilicate 
of  potassium  is,  however,  nearly  insoluble  and,  as  almost  all  potas- 
sium salts  are  dissolved  by  water,  it  is  evident  that  fluosilicic  acid  is 
a  very  welcome  reagent  for  the  detection  of  potassium  compounds 
in  solution. 
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Silicon  forms  but  one  oxide,  the  dioxide  Si  Oj.  This  substance 
occurs  in  three  forms: — crystalline,  cryptocrystalline,  and  amor- 
phous. Crystallized  silicon  dioxide  is  dimorphous,  being  found  as 
quartz*  and  as  tridymite.f  The  quartz  crystals  are  often  colored 
more  or  less  by  impurities,  when  the  colbr  so  produced  is  purple  or 
bluish  violet  the  crystal  is  called  amethyst.  The  crystallized  variety 
of  quartz  frequently  occurs  in  large  masses,  displaying  no  crystalline 
faces,  while  smaller  fragments  of  the  mineral  are  found  as  a  con- 
stituent of  the  granitic  rocks.  The  cryptocrystalline  J  varieties  of 
quartz  show  the  greatest  diversity  of  color  and  appearance;  they 
generally  contain  more  or  less  water  and  are  more  readily  acted  on 
by  hydrofluoric  acid  than  the  crystallized  varieties.  Examples  of 
cryptocrystalline  quartz  are  chalcedony,  carnelian,  agate,  onyx  and 
flint.  Sea  sand  consists,  for  the  most  part,  of  quartz  finely  ground 
by  the  action  of  the  water.  Amorphous  silicon  dioxide  can  be  pre- 
pared by  the  addition  of  an  acid  to  a  soluble  silicate : 

Na,  Si  Oa  +  2  H  CI  =  H^  Si  O,  +  2  Na  CI; 

Sodium  silicate.  Silicic  acid* 

and  by  then  heating  the  silicic  acid  until  all  water  is  expelled;  the 
silicon  dioxide  formed  in  this  way  is  a  white,  impalpable  powder 
which  can  be  readily  dissolved  in  alkalis;  when  heated  to  a  high 
white  heat  this  variety  of  the  dioxide  becomes  crystalline  and  can 
then  no  longer  be  dissolved  by  cold  alkalis. 

The  two  simplest  theoretical  hydrates  of  silicon  dioxide  are 
ortho-silicic  acid,  Si  (O  H)^,  and  meta-silicic  acid.  Si  Og  Hg;  neither 
of  these  acids  are  known  with  certainty,  but  a  solution  which  proba- 
bly contains  ortho-silicic  acid  can  be  obtained  by  the  following 
means: — By  adding  cold  dilute  hydrochloric  acid  to  a  very  dilute 
cold  solution  of  sodium  silicate  the  following  reaction  presumably 
takes  place : 

Na^  Si  O3  +  2  H  CI  =  H2  Si  O3  +  2  Na  CI; 

the  meta-silicic  acid  so  formed  then  unites  with  water  to  form  ortho- 
silicic  acid: 

H2  Si  O3  +  H2  O  =  H4  Si  O,. 

*  Hexa^ODal,  tetartohedral ;  combinations  of  pyramid  and  prism. 

t  Asymmetric. 

X  Varieties  of  crystalline  minerals  in  which  the  crystals  are  so  small  as  not  to  be 
detected  by  the  eye  are  called  cryptocrystalline.  Soch  rocks  are  frequently  erroneously 
termed  amorphous. 


2^  A  TEXT-Bl)OK  OF 

Under  the  conditions  of  the  reaction  there  i&  no  separation  of  inso- 
luble silicic  acid,  as  there  is  when  the  solutions  are  more  concen- 
trated or  when  they  are  heated.  If  the  clear  liquid  containing 
sodium  chloride  and  silicic  acid  is  put  in  a  vessel  the  bottom  of 
which  is  formed  of  a  membrane  such  as  parchment,  and  this  vessel  is 
then  placed  in  pure  water,  the  sodium  chloride  will  ])as$  out  into  the 
water,  while  the  silicic  acid  will  remain  behind  in  the  solution.  The 
process  by  which  this  separation  takes  place  is  osmosis  and  the  silicic 
acid  is  said  to  be  separated  by  dialysis;  substances  which  are  able  to 
pass  through  such  a  membrane  are  called  crystalloids,  those  which 
cannot  pass  through,  colloids.  As  the  process  of  osmosis  is  one  of 
extreme  importance  in  animal  and  plant  life,  a  brief  discussion  of 
some  of  the  principal  facts  which  have  been  learned  regarding  it 
may  not  be  out  of  place  here.* 

When  a  layer  of  water  is  carefully  poured  over  any  aqueous 
solution,  the  two  liquids  will  not  remain  in  this  condition,  for  diffu- 
sion will  take  place  just  as  it  does  between  layers  of  different  gases 
(see  page  32),  so  that  the  solution  will  begin  to  rise  in  a  direction 
contrary  to  the  force  of  gravity  and  will  finally  completely  mix  with 
the  pure  water,  the  motion  only  ceasing  when  the  substance  in  solu- 
tion is  uniformly  distributed  throughout  the  mass  of  water.  This 
motion  can  be  arrested  by  placing  a  septum  between  the  water  and 
the  solution  and  if  this  septum  is  of  such  a  material  as  to  allow 
water  to  pass  through  but  not  the  dissolved  substance,  and  if  fur- 
thermore the  septum  is  in  the  shape  of  a  cell  which  can  be  covered 
by  an  air-tight  cap  which  is  so  constructed  that  it  can  be  connected 
with  a  manometer  by  a  glass  tube,  an  increase  of  pressure  will  be 
observed  in  the  interior  of  the  cell,  because  the  water  will  force  its 
way  in  wnile  the  substance  in  solution  cannot  escape.  Now  a 
remarkable  fact  is  observed  in  regard  to  this  pressure,  for  if  the 
temperature  is  kept  constant  the  pressure  will  be  proportional  to  the 
strength  of  the  solution;  thus  with  a  solution  of  Migar  the  following 
pressures  were  observed: 

A  1  per  cent,  solution  gave  a  pressure  of    535  m.  m. 
it  2  <<       <<         <<  <<     <<  <(       <<  1016  ^*    ^* 

n  A    ((        ((  ct  ic      ((  ((        c(    2082    '*     '' 

*  Bee  Ostwald.  Outlines  of  (reneral  Chemistry  (Walker),  for  a  more  complete  descrip- 
tion of  this  topic. 
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These  observed  pressures  in  millimeters  are  nearly  in  the  propor- 
tion of  1:2:4.  This  law  of  osmotic  pressure .  which  is  true  of  all 
dissolved  substances  is  exactly  like  that  regulating  the  pressure  of 
gases,  for  these  are  also  proportional  to  the  densities  (i.  e.  concentra- 
tions). It  has  further  been  observed  tbat  temperature  has  the  same 
influence  on  osmotic  pressure  as  it  has  on  the  pressure  of  gases,  for 
the  pressure  increases  prpportionally  to  the  absolute  temperature 
and  in  the  same  ratio  for  all  dissolved  substances.  The  increase  in 
pressure  for  each  degree  of  temperature  is  s+r  *,  the  same  fraction 
obtained  as  an  increase  for  each  degree  in  the  pressure  of  gases 
which  are  kept  at  constant  volume.  The  relation'  for  osmotic 
pressure  may  therefore  be  expressed  in  the  same  way  as  for  gases. 
If  we  know  the  osmotic  pressure  (P°)  at  0°,  then  at  t°  it  will  be  P** 
+  P°  .00367  t  =  P°  (1  +  .00367  t)  (see  pages  167,  168).  The 
osmotic  pressure  of  a  substance  in  solution  has  the  same  value  as 
the  pressure  tbat  substance  would  exert  were  it  contained  ails  a  gas 
in  the  same  volume  as  is  occupied  by  the  solution.  It  seems  rea- 
sonable to  suppose,  therefore,  that,  as  the  same  laws  which  govern 
the  pressures  of  gases  hold  good  with  osmotic  pressure,  the  sub- 
stances which  are  contained  in  solution  are  present  in  such  solution 
in  the  same  condition  as  they  occur  in  gases,  i.  e.,  as  the  individ- 
ual molecules. 

The  membranes  through  which  the  various  fluids  in  living 
organisms  must  find  their  way  by  osmosis,  act  on  the  same  prin- 
ciple as  the  septa  which  are  artificially  prepared,  and,  as  the 
same  increase  of  temperature  causes  a  like  increase  of  osmotic 
pressure  in  all  fluids,  it  follows  that  solutions  which  are  in 
osmotic  equilibrium  between  the  contents  of  a  living  cell  and  the 
liquid  without  at  any  given  temperature,  say  0°,  are  also  in 
equilibrium  at  38°. 

When  the  solution  containing  dialized  silicic  acid  is  evapor- 
ated the  acid  congeals  to  a  gelatinous  mass,  which  is  then  no 
longer  soluble  in  water,  and  when  this  is  separated  and  dried  the 
remaining  amorphous  powder  has  the  formula,  approximately,  of 
Hg  Si  O3,  this,  when  heated,  loses  water  and  forms  amorphous  silicon 
dioxide. 

•Exactly  .00367. 
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The  silicates  are  either  orthosilicates,  M4  8i  O^,  or  metasilicates 
Mj  Si  Oj,  or  they  are  derived  from  more  complicated  sijicic  acids 
which,  according  to  the  number  of  silicon  atoms  in  tneir  formula 
weights  are  called  di,  tri  or,  in  general,  polysilicates.  All  of  these 
salts  have  numerous  representatives  in  the  mineral  deposits  of  the 
earth.  The  formulae  of  a  few  of  these  are  given  in  the  following 
tabular  statement: 


Orthosilicates: 
OH 

Acid,  Si  \  g| 

tOH' 

Metasilicates: 

Acid,  Si  \  OH 
(OH 


Olivin,  Mg,  Si  O^,  Fe^  Si  O*. 
Garnet,  Caj  Fe^  (Si  OJ,.* 

Mica,  the  various  forms  of  this  mineral  are  complicated 
orthosiliates. 

'  Wollastonite,  Ca  Si  O,. 
Leucite,  K  Al  (Si  O.),. 
Beryll,  Be,  AI2  (Si  O,),. 
Kelated  to  wollastonite,  but  of  more   complicated 

structure,  are  the  important  minerals  hornblende 

and  augite. 

Disilicic  acid  is  formed  by  the  separation  of  one  molecule  of 
water  from  two  formula  weights  of  metasilicic  acid,  just  as  disul- 
phuric  acid  is  derived  from  two  of  sulphuric  (page  150). 

Si  ^  OH  +  HO  V  Si  =  Si  ^  OH      HO  [  Si. 

(oh     HO^  (—0—       3 

Only  two  or  three  examples  of  disilicates  are  known.  Trisilicic 
acid  is  formed  by  separating  four  molecules  of  water  from  three 
formula  weights  of  Si  (OH),;  3  Si  (OH),— 4H2  O  =  Si,  Og H,. 

Trisilicates: 

Orthoclase,  (feldspar)  K  Al  Sig  Og. 

Oligoclase  (soda,  lime  feldspar)  Na  Al  (Si,  O,),  Ca  Al 

(Al  Sij)  Og. 
In  the  important  group  of  minerals  known  as  feldspars 

it  not  infrequently  happens  that  a  portion  of  the 

silicon  is  replaced  by  aluminium,  this  is  seen  in  the 

formula  of  oligoclase. 


Acid, 


[0 

Si 

OH 

0 

OH  i 

Si^ 

OH 

0 

Si 

OH 
10 

The  quantitative  composition  of  the  silicates  shows  that  every  one 
of  them  can  be  considered  as  derived  from  one  of  the  above  men- 


•  Of  the  twelve  hydrogen  atoms  in  three  formula  weights  of  orthosilic  acid,  six  are 
replaced  by  trivalent  iron  and  six  by  bivalent  calcium.  In  this  silicate,  and  in  others, 
two  or  more  formula  weights  of  the  acid  are  uuited  by  an  atom  of  a  polyvalent  element 
replacing  hydrogen  atoms  which  belong,  in  part,  to  one  and  in  part  to  another  formula 
weight  of  the  acid,  a  simple  example  of  such  a  case  we  have  encountered  in  the  formula 
of  the  tertiary  phosphate  of  calcium,  Gas  (P04)a«  (seepage  220). 


6£{7£RAL  DESCRIPTIVE  CHEMISTRY.  297 

tioned  acids.  A  number  of  basic  and  acid  silicates  also  exist. 
Among  acid  silicates,  kaolin  (clay)  Hj  AI2  (Si  04)2  +  ^2  O,  may 
be  mentioned. 

The  silicates  are  such  extremely  important  minerals,  their  com- 
position is  so  varied  and  their  distribution  so  far  reaching,  that  the 
iStudy  of  their  structure  forms  one  of  the  most  important  branches  of 
modern  mineralogy.  All  silicates,  excepting  those  of  the  alkali 
metals,  are  insoluble  in  water. 
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CHAPTER  XLIII. 


GERMA]N1UM  AND  ITS  COMPOUNDS. 
Germanium^  symbol  Ge,  atomic  weight  72.3. 

This  element  was  discovered  in  the  year  1886,  by  the  German 
chemist,  Clemens  Winckler,  and  is  especially  interesting  from  the 
fact  that  it  is  one  of  the  elements  the  existence  of  which  was  pre> 
dieted  before  its  discovery.  This  prediction  was  based  upon  the 
fact  that,  when  the  elements  are  arranged  in  the  order  of  their 
atomic  weights  (page  16)  an  unfilled  gap  was  found  to  exist 
between  gallium  (atomic  weight  69)  and  arsenic  (atomic  weight  75), 
which  gap,  as  the  nature  of  the  then  known  elements  showed, 
should  be  filled  by  a  representative  of  the  carbon  family  (see  table 
of  the  periodic  system  ) .  The  element  was  discovered  in  a  silver  ore 
which  was  formerly  confounded  with  silver  sulphide  (argentite)  and 
which  has  the  formula  3  Aga  S,  Ge  Sj.  The  isolation  of  the  ele- 
meut  is  a  very  complicated  process. 

Germanium,  owing  to  its  higher  atomic  weight,  must  be  much 
more  metallic  in  its  nature  than  silicon  and,  indeed,  this  difference 
in  its  character  is  shown  by  the  non  existence  of  a  hydrogen  com- 
pound of  the  element.  The  metal  has  a  brilliant  metallic  lustre, 
and  like  its  fellows,  carbon  and  silicon,  it  crystallizes  in  crystals 
belonging  to  the  regular  system.  Its  specific  gravity  is  5.46,  and  its 
melting  point  less  than  that  of  silver  (954°).  The  metal  is  neither 
malleable  nor  ductile,  it  is  quite  brittle  and  can  be  readily  pounded 
to  a  powder,  in  this  respect  it  resembles  arsenic.  When  heated 
to  a  high  heat  in  the  air,  the  metal,  after  fusing,  oxidizes  to 
form  the  oxide  Ge  O^.  Germanium  does  not  dissolve  in  hydro- 
chloric acid,  it  is  oxidized  to  Ge  Oj  by  nitric  acid  or  aqua  regia. 
Hot  and  concentrated  sulphuric  acid  dissolves  it  to  form  the 
sulphate,  while  the  acid  is  itself  reduced  to  sulphur  dioxide  (see 
page  133). 
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Germanium  combines  with  all  of  the  halogenes  to  form  com- 
pounds of  the  general  formula  Ge  R^,  where  R  represents  an  atom  of 
any  halogene.  Germanium  tetrachloride,  formed  by  passing  chlorine 
over  heated  germanium,  is  a  colorless  liquid  which  very  much 
resembles  the  corresponding  chloride  of  silicon.  Si  Cl^,  it  is  decom- 
posed by  water  and  boils  at  86°;  the  specific  gravity  of  ite*  vapor 
(between  300^  and  740°)  is  7,48,  this,  H  =  2,  is  213.9;  the  calcu- 
lated molecular  weight  for  Ge  CJ^  is  214  (Ge  =  72.3,  4  CI  =  142) 
it  follows  from  this  that  the  formula  of  the  chloride  of  germanium 
corresponds  to  that  of  silicon  or  carbon,  and  that  the  maximum 
atomic  weight  of  germanium  is  72.3  (see  page  69).  As,  before  the 
discovery  of  germanium,  no  element  was  known  to  exist  having  an 
atomic  weight  between  thtit  of  gallium  (69)  and  arsenic  (75),  and  as 
an  element  belonging  to  the  carbon  family  and  having  an  atomic 
weight  of  approximately  72  would  evidently  find  a  fitting  place  in 
the  system  obtained  by  arranging  the  elements  in  the  order  of  their 
atomic  weights,  therefore,  the  gravimetric  quantity  of  germanium, 
(72.3),  which  unites  with  142  (or  4x35.5)  parts  by  weight  of 
chlorine  is  more  than  probably  the  correct  atomic  weiglit  of  the 
element  in  question.  If,  at  any  time,  a  compound  of  germanium 
should  be  discovered  which,  with  a  known  molecular  weight,  should 
contain  less  than  72.3  parts  by  weight  of  that  element,  then  the 
atomic  weight  which  is  at  present  accepted  will  have  to  be 
abandoned.  A  compound  of  germanium  and  chlorine,  Ge  Clg, 
corresponding  to  stannous  chloride,  Sn  Clj,  has  also  been  observed. 
The  other  halogene  compounds  of  the  element  need  not  be 
described,  although  the  existence  of  a  germanium  chloroform, 
Ge  H  Clj,  a  compound  corresponding  to  chloroform,  CH  Clg  and 
to  silicon  chloroform.  Si  H  Clg,  should  be  emphasized  as  showing 
the  relationship  between  germanium  and  the  preceding  elements  of 
this  family. 

Germanium  forms  two  oxides,  Ge  Og  and  Ge  O.  The  former  is 
produced  either  by  burning  the  powdered  element  in  a  stream  of 
oxygen,  by  oxidizing  it  with  nitric  acid  or  by  decomposing  the 
chloride  with  water.  It  is  a  white  powder,  somewhat  soluble  in 
water,  the  solution  probably  containing  the  hydroxide  H2  Ge  Og, 
corresponding  to  metasilicic  acid.  Hg  Si  O3.  Germanium  dioxide 
acts  as  a  weak  acidic  anhydride,  dissolving  in  the  hydroxides  of  the 
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alkali  metals;  it  has  no  basic  properties.  The  second  oxide,  Gre  O, 
is  an  unstable  substance  which  oxidizes  in  the  air,  has  a  hydroxide, 
Ge  (O  H)^,  derived  from  it,  and  is  weakly  basic  in  its  character. 
It  is  a  powerful  reducing  agent. 

Two  sulphides  of  germanium,  Ge  S,  and  Ge  S,  are  known. 
These  correspond  to  the  sulphides  of  tin.  The  disulphide,  Ge  S,, 
dissolves  in  the  sulphides  of  the  alkali  metals  to  form  sulpho-salts, 
it  therefore  has  the  character  of  an  acidic  anhydride  and  resembles 
the  sulphides  of  arsenic,  antimony,  tin  and  carbon. 
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CHAPTER  XLTV. 


TIN  AND  ITS  COMPOUNDS. 
Tin:     Symbol  Sn;  Atomic  weight,  119, 

Tin,  the  third  element  of  the  carbon  family,  has  its  iiietallie 
properties  so  decidedly  pronounced  that,  disregarding  its  many 
resemblances  to  the  not-metals,  it  is  generally  classed  with  the 
metals.  In  reality  it  bears  about  the  same  relation  to  metals  and 
not-metals  as  antimony  does;  however,  both  of  its  oxides,  Sn  O  and 
Sn  O2,  have  basic  properties  and,  furthermore,  tin  cannot  form  a 
hydrogen  compound,  but,  on  the  other  hand,  both  oxides  when  in 
contact  with  strong  bases,  can  act  like  acidic  anhydrides. 

The  time  of  the  discovery  of  tin  is  not  known.  A  knowledge  of 
the  metal  has  been  attributed  to  the  Hebrews,  Greeks  and  Phoenic- 
ians, but  no  certainty  exists  as  to  this.  Undoubtedly,  Pliny  distinctly 
mentions  tin  under  the  name  of  plumbum  candiduni,  and.  moreover 
the  metal  was  used  by  the  Romans  for  covering  iron  in  order  to  keep 
that  metal  from  rusting.  The  term  stannum  dates  from  the  fourth 
century. 

Tin  is  one  of  the  comparatively  rare  elements,  and  its  occurrence 
in  the  free  state  as  a  mineral  is  somewhat  doubtful.  It  is  chiefly 
found  as  cassiterite  or  tin  stone,  which  is  the  crystallized  dioxide, 
Sn  O2;  this  substance  is  deposited  in  crystals  and  in  the  massive 
form  in  veins  traversing  granite,  gneiss  and  mica  schist  in  Cornwall 
and  Devonshire,  in  Bohemia,  Saxony,  New  South  Wales,  and 
Queensland.  Some  tin  has  also  been  discovered  in  the  United  States. 
An  impure  sulphide  of  tin,  stannnite,  Sn  Sg,  occasionally  appears  in 
mineral  deposits. 

The  tin  of  commerce  is  exclusively  prepared  from  tin  stone, 
which  is  first  crushed  and  washed  and  then  heated  with  charcoal 
according  to  the  usual  metallurgical  process  (see  page  238).  The 
tin  which  melts  and  is  collected  at  the  bottom  of  the  furnace  is  gen- 
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erally  quite  impure,  for  it  contains  copper,  iron,  arsenic,  antimony 
and  lead.  These  foreign  substances  are  for  the  most  part  removed 
by  heating  the  crude  tin  to  a  temperature  just  above  its  melting  point 
and  then  allowing  the  pure  metal  to  run  off  from  its  higher  melting 
alloys. 

Tin  is  nearly  silver- white,  with  a  metallic  lustre;  it  is  scarcely 
corroded  when  exposed  to  the  air;  it  is  soft  and  can  be  hammered 
and  rolled  into  thin  sheets  (tin  foil);  its  specific  gravity  is  7.3;  it 
melts  at  230°  and  evaporates  at  a  temperature  between  1600*^  and 
1700°.  The  metal  has  a  great  tendency  toward  crystallization, 
either  when  it  is  separated  from  its  compounds*  or  when  it  congeals 
after  fusion.  The  element,  like  carbon,  is  dimorphous,  occurring 
both  in  tetragonal  and  in  rhombic  crystals.  If  block  tin  is  cooled 
to  a  very  low  temperature,  or  even  if  it  is  allowed  to  stand  for  a 
long  tim€,  it  undergoes  a  peculiar  change  into  a  greyish  powder, 
which  can  will  reassume  a  metallic  appearance  only  upon  being 
fused.  This  amorphous  form  of  tin  would  correspond  to  amorphous 
carbon  or  silicon.  Ordinary  tin,  cast  into  forms,  assumes  a  crystalline 
structure;  if  a  stick  formed  of  the  metal  is  bent,  a  peculiar  crepita- 
tion is  observed,  and  if  the  operation  is  rapidly  repeated  several 
times,  the  piece  of  tin  will  become  quite  hot  at  the  place  of  bending; 
both  the  noise  and  the  heat  are  caused  by  the  friction  of  the  minute 
crystals  one  upon  the  other. 

Tin  is  attacked  by  acids  with  considerable  ease;  hydrochloric 
acid  dissolves  it  to  form  stannous  chloride: 

Sn  +  2  H  CI  =  Sn  CI2  +  2  H; 

and  in  this  way  the  element  shows  its  metallic  nature,  that  this  is 
not  very  pronounced,  however,  is  shown  by  the  fact  that  the  reaction 
between  tiu  aud  hydrochloric  acid  takes  place  much  more  slowly 
than  it  does  between  the  same  acid  and  iron  or  zinc.  Hot  and  con- 
centrated sulphuric  acid   dissolves  tin  to  form  stannous  sulphide, 


•  By  electrolysis  of  stannous  chloride  or  by  placing  a  piece  of  zinc  in  a  solution 
of  stannous  chloride,  the  zinc  then  takes  the  place  of  tin  in  the  salt: 

Zn  +  Sn  CIb  =  Zn  CIb  4-  Sn. 

Such  substitutions  of  one  metal  for  another  in  salts  are  quite  frequently  met 
with  but  are  not  surprising  if  we  compare  salts  with  acids,  for,  as  we  know,  zinc  can 
readily  replace  hydrogen  in  hydrogen  chloride  and  why  not  tin  in  stannous  chloride? 
The  only  essential  is  that  Sn  Cls  should  have  more  chemical  energy  than  ZnClt  and 
that  heat  should  be  given  off  in  the  reaction. 
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while  the  acid  is  reduced  to  sulphur  dioxide  (see  page  133).  Cold 
and  dilute  nitric  acid  dissolves  tin  without  any  evolution  of  gas; 
the  tin  forms  stannous  nitrate,  while  the  nitric  acid  is  reduced 
to  ammonia  (page  198  [a])  as  is  represented  by  the  following 
equation : 

4  8n  +  10  H  N  O3  =  4  Sn  (N  0,\  +  N  H,  N  O3  +  3  H^  O. 

On  the  other  hand,  hot  and  concentrated  nitric  acid  oxidizes  tin  to 
insoluble  metastannic  acid,  Hg  Sn  Og,  and  is  itself  reduced  to  some 
of  the  lower  oxides  of  nitrogen  (page  198  [b]).*  Tin  shows  its 
relationship  to  the  not-metals  by  dissolving  in  soluble  alkaline 
hydroxides  to  form  salts  of  stannic  acid,  Mg  Sn  O3. 

Tin  forms  two  series  of  compounds  with  the  halogenes;  the  first 
of  these,  with  the  general  formula  Sn  Xg,  where  X  represents  any 
halogene,  can  be  formed,  as  are  the  salts  of  other  metals,  by  dis- 
solving the  corresponding  oxide  in  halhydric  acids: 

Sn  O  +  2  H  X  =  Sn  X2  +  Hjj  O, 

while  the  compounds  Sn  Xj  can  be  converted  into  those  of  the 
second  series,  Sn  X4,  by  the  addition  of  the  corresponding  halogene. 
The  two  chlorides  of  tin,  Sn  Clj,  stannous  chloride,  and  Sn  CI4, 
stannic  chloride,  (see  pages  24  and  25)  are  the  most  important  of 
these  halogene  compounds. 

Stannous  chloride,  Sn  CLj,  can  be  formed  by  dissolving  tin  or 
stannous  oxide,  Sn  O,  in  hydrochloric  acid;  when  anhydrous  it  is  a 
crystalline  substance  which  melts  at  250°  and  boils  at  606°;  its 
vapor  density  was  formerly  supposed  to  correspond  to  a  molecular 
weight  calculated  from  the  formula  Sng  Cl^,  but  later  investigations 
have  shown  that  no  definite  specific  gravity  can  be  assigned  to  it. 
Stannous  chloride  dissolves  in  small  quantities  of  water  without 
change;  an  excess  of  the  solvent,  however,  partially  converts  it  into 
an  insoluble  basic  chloride  (see  page  242) : 

Stannous  chloride  is  a  powerful  reducing  agent;  when  exposed  to  the 
sir  it  absorbs  oxygen  and  changes  into  a  mixture  of  stannic  chloride 

*  Compare  with  antimony  page  239. 
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and  the  basic  chloride  just  mentioned.  Stannous  chloride  instantly 
reduces  mercuric  chloride  to  mercurous  chloride : 

2  Hg  CI2  +  Sn  CI2  =  Sn  CI,  +  2  Hg  CI,* 

and  the  mercurous  chloride,  by  further  action,  is  even  finally 
changed  to  mercury.  Ferric  chloride  is  reduced  to  ferrous  chloride 
by  stannous  chloride: 

2  Fe  CI3  +•  Sn  Cl^  =  Sn  CI,  +  2  Fe  G\,, 

while  arsenic  trioxide  is  reduced  to  metallic  arsenic  by  the  same 
substance,  the  compound  of  tin  being  in  this  case  oxidized  to  stan> 
nic  acid. 

When  alkaline  hydroxides  are  added  to  a  solution  of  stannous 
chloride,  insoluble  stannous  hydroxide  is  at  first  precipitated: 

Sn  CI2  +  2  KOH  =  Sn  (OH).,  +  2  K  CI, 

but  this  substance,  because  it  presents  in  a  slight  degree  the  charac- 
ter of  an  acid,  is  dissolved  by  an  excess  of  the  alkaline  solution  to 
form  stannites,  which  are  salts  of  a  stannous  acid  having  the  formula 
Ha  Sna  O3,  formed,  as  are  a  number  of  acids  which  we  have  already 
discussed,  by  the  separation  of  one  molecule  of  water  from  twa 
formula  weights  of  the  hydroxide: 

g^  f  OH  Sn  OH 


^^^     —  ^O       -4-  H  O 

(OH     ~         /^        -t-MaU. 


^°  1  OH  Sn  OH 

The  potassium  compound,  formed  by  dissolving  stannous  hydrox- 
ide in  an  excess  of  potassium  hydroxide,  therefore  has  the  formula 
Kj  Suo  O3;  this  salt,  when  heated,  breaks  down  into  tin  and  potassium 

stannate : 

Sna  O3  Ka  =  Sn  O^  Kj  +  8n.t 

Stannic  chloride  can  be  formed  from  stannous  chloride  by  heating 
the  latter  substance  and  then  passing  dry  chlorine  over  it.  It  is  a 
colorless  liquid  which  fumes  in  the  air  and  which  boils  at  120^,  it 
greedily  absorbs  moisture  and   then  produces  crystals  haTing  the 

*  For  this  reason  staunous  ehlorUle  is  used  as  a  resgent  (or  soiable  salts  of  nieifiuy, 
for  as  mervurous  chloride  is  ins«)luble  iu  water,  a  precipitate  of  tlie latter  is  fionacd  vben 

staunous  chloride  Is  added  to  a  soUition  contaimnj; 

♦  S^e  page  151- 
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formula  8ii  Cl^  +  3  H^  O.  Stannic  chloride  forms  a  series  of  double 
salts  with  the  chlorides  of  the  alkali  metals,*  these  double  salts  have 
the  general  formula  Sn  Clg  Ma,  where  M  represents  an  atom  of  an 
alkali  metal,  they  therefore  correspond  to  the  silico-fluorides,  Si 
Fg  Mj,  (see  page  292)  which  we  looked  upon  as  salts  of  fluosilicic 
acid  Hj  Si  Fg,  there  is  consequently  no  reason  why  the  conclusions 
regardiuir  the  nature  of  fluorine  in  the  fluosilicates  should  not  be 
equally  applicable  in  the  case  of  chlorine  in  these  compounds  of  tin, 
indeed,  a  substance  Hj  Sn  Clg,  which  must  be  considered  as  the  acid 
from  which  these  double  salts  are  derived,  has  in  all  probability  been 
isolated.  ' 

Tin  forms  two  oxides,  the  monoxide,  Sn  O,  and  the  dioxide, 
Sn  O2,  these  correspond  to  the  oxides  of  carbon,  CO  and  CO2; 
the  former  of  these  oxides  is  almost  altogether  basic  in  its  char- 
acter, while  the  latter  most  frequently  acts  as  the  anhydride  of 
an  acid. 

Stannous  oxide  can  best  be  prepared  by  heating  the  corresponding 
hydroxide  without  access  of  air.  It  is  a  dark  brown  substance  which 
dissolves  in  acids  to  form  stannous  salts,  or  in  alkalis  to  form  stan- 
nites;  this  latter  reaction  has  already  been  fully  described  under 
stannous  chloride.  The  stannous  salts  are  colorless  when  formed 
from  a  colorless  acid,  and  are  readily  oxidized  when  in  contact  with 
the  air;  those  insoluble  in  water  are  nearly  all  soluble  in  dilute 
hydrochloric  acid. 

•  When  tin  is  heated  to  a  sufficiently  high  temperature  in  air  or  in, 
oxygen,  it  burns  to  form  the  dioxide  Sn  Og,  this  substance  when: 
cold,  is  a  white  powder  but  when  hot  assumes  a  yellowish  color;  &tter- 
being  exposed  to  a  high  temperature  for  some  time  it  becomes  insolu- 
ble, both  in  acids  and  alkalies.  The  crystallized -variety  of  the  oxide,, 
found  as  the  mineral  tinstone,  is  also  insoluble;  the  only  means  by 
which  this  substance  can  be  brought  into  solution  is  by  fusion  with 
potassium  or  sodium  hydroxide  when  the  respective  stannates,. 
M2  Su  O3,  of  the  metals  are  formed. 

Two  stannic  acids,  identical  in  gravimetric  composition  but. 
differing  in  physical  and  chemical  properties,  are  derived  from  the^ 

*  Stannous  chloride  also  forms  double  balides  with  the  chlorides  of  the  alkali; 
metals,  the  double  halides  of  potassium  are  K  Sn  Cls  +  Ha  O  and  Kt  SnC^  -h 
2  H,  O.         .  . 

2<> 
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anhydride  Sn  Og;  both  have   the  formula   Hj  Sn  O3.     Ordinary 
.  stannic  acid  can  be  formed  by  adding  exactly  enough   potassium 
hydroxide  solution  to  a  solution  of  stannic  chloride  to   precipitate 
stannic  hydroxide: 

Sn  CI,  +  4  K  O  H  =  Sn  (O  H),  +  4  K  CI; 

this  substance  separates  as  a  jelly  which  resembles  silicic  acid. 
When  this  is  dried  it  loses  water  and  changes  to  a  gum-arabic  like 
mass  which  has  approximately  the  formula  Hg  Sn  Og.  This  variety 
of  stannic  acid  is  readily  soluble  both  in  acids  and  alkalies.  The 
other  form  ol:  stannic  acid,  generally  called  metastannic  acrd,  is  pre- 
sumably a  polymeric  form  of  ordinary  stannic  acid,  so  that  if  the 
molecule  of  the  latter  were  Hj  Sn  O3  that  of  the  former  would  be 
expressed  by  n  (H2  Sn  O3).  Metastannic  acid  is  produced  in  the 
form  of  an  insoluble  white  powder  when  tin  is  oxidized  by  means  of 
strong  and  hot  nitric  acid;  when  carefully  dried  in  a  vacuum  it  has 
the  formula  Hg  Sn  O3 ;  it  is  insoluble  in  acids  and  when  glowed  loses 
water  and  changes  into  the  dioxide  of  tin.  If  metastannic  acid  ii 
digested  with  hydrochloric  acid  for  some  time,  the  hydrochloric  acid 
then  poured  off  and  pure  water  added,  the  stannic  chloride  so  formed 
will  dissolve;  on  addition  of  alkalis  to  this  solution,  however, 
metastannic  acid  is  once  more  precipitated.  When  metastannic  acid 
is  boiled  with  sodium  hydroxide  it  is  converted  into  the  metastan- 
nate  of  sodium,  which  can  be  dissolved  by  pouring  off  the  excess  of 
caustic  soda  solution  and  then  adding  pure  water.  Fusion  with 
solid  caustic  alkalis  converts  metastannic  acid  into  salts  of  ordinary 
stannic  acid. 

Stannic  chloride,  or  what  amounts  to  the  same  thing,  the  solution 
of  either  stannic  acid  or  metastannic  acid  in  hvdrochloric  acid, 
resembles  the  chlorides  of  the  not  metals  in  so  far  as  it  is  converted 
into  the  corresponding  acid  by  boiling  with  water,  this  decomposition 
is,  however,  only  partial,  for  if  a  solution  of  ordinary  stannic  acid 
in  hydrochloric  acid  is  boiled  in  a  retort,  the  volatile  stannic  chloride 
passes  over  unchanged  in  company  with  the  water  and  hydrochloric 
acid,  while  very  little  stannic  acid  will  remain  behind;  on  the  other 
hand,  a  solution  of  stannic  chloride  derived  from  metastannic  acid  is 
completely  decomposed  into  that  acid  by  boiling,  while  no  stannic 
chloride  whatever  will  pass  over.     Only  the  stannates  of  the  alkali 


•GENERAL  BESCBIPTIVE  CHEMISTRY.  307 

metals  are  soluble  in  water,  in  that  way  these  salts  resemble  those  of 
fiilicic  and  carbonic  acids- 
Tin  forms  two  sulphides^  Sn  S  and  Sn  Sj,  in  formula  these  corre- 
«pond  to  the  oxides.     The  monbsulphide,  Sn  S,  can  be  produced  by 
adding  hydrogen  sulphide  to  an  acidulated  solution  of  a  stannous 
■salt.     The  sulphide  is  a  brownish  black  powder  which  is  insoluble 
in  dilute  acids  but  is  dissolved  by  concentrated  hydrochloric  acid  or 
by  aqua  regia,  in  the  latter  case  stannic  chloride  is  formed.     Simple 
sulphides  of  the  alkalis  scarcely  attack   it;    it  is  dissolved  by  the 
polysulphides  (see  page  151,  foot  note)  because  the  latter  sulphurize 
it  to  form  salts  of  sulphostanuic  acid  in  a  manner  exactly  similar  to 
their  action  on  the  trisulphide  of   antimony  (see  page  246).      The 
•disulphide  of   tin^  Sn  Sj^,  can    be   precipitated   from  a  weakly  acid 
solution  of  stannic  chloride  by  means  of  hydrogen  sulphide,  it  forms 
a  yellow  precipitate  which  is  not  dissolved  by  dilute  acids  but  which 
iis  soluble  in  strong  hydrochloric  acid  or  aqua  regia,  with  the  latter 
reagent  it  forms  stannic  chloride.    It  is  readily  attacked  by  either  the 
hydroxides  or  sulphides  of  the  alkalis  (see  page*235  and  foot  note) 
for  in  the  former  case  a  mixture  of   stannate  and  sulphostannate  is 
formed*  while  in  the  latter  the  sulphostauuate  alone  is  produced.! 
This  behavior  of  tin  is  very  much  like  that  of  antimony  or  arsenic 
•under  similar  circumstances  (see  pages  235  and  245).     On  addition 
of  acids  to  the  solution  of  sulphostannates,  stannic  sulphide  is  pre- 
cipitated, Sn  S3  K2  +  2  H  CI  =  2  K  CI  +  H2  S  +  Sn  S^,  for  the  sul- 
phoistannic  acid  which  would  be  formed  at  once  breaks  down  into 
hydrogen  sulphide  and  the  disulphide  of  tin;  it  will  be  noticed  that 
the  formulse  of   the  sulphostannates  correspond  to  those  of  the  salts 
of  trithio  carbonic  acid  (see  page  281). 

The  compounds  of  tin  show  an  almost  perfect  concordance  with 
those  of  carbon  and  silicon  when  the  formulas  alone  are  considered: 
chemically,  however,  the  acid  nature  of  the  substances  in  question 
is  materially  reduced  because  of  the  metallic  character  belonging  to 
tin ;  this  metallic  character  becomes  much  more  pronounced  in  the 
next  element  of  the  family,  namely  lead,  so  that  the  oxides  of  that 
element  are  for  the  most  part  basic. 


•3  Sn  S2  +  6  KOH  =  Sn  Os  Ks  +  2Sn  Sa  Ka  f  3  H «  O. 
f  Sn  Ss  +  Kj  S  =  Sn  Ss  K2. 
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The. relationship  between  the  compounds  discussed  in  this  chapter 
will  be  seen  from  the  following  table: 


TIN   AND    CARBON. 


OXIDES. 

CHIiOBTDES. 

ACIDS. 

SULPHIDES 

CO 
CO, 

SnO 
SnOa 

SnCU 
SnCU 

Ht  Sns  Os 
Hs  SnOs 

SnS 

SnSs 

Forms  no  sulpho  salts. 
Forms  sulpho  salts  Ms  X  S9. 

ecu 

H.COg 

CSg 

The  oxide  Sn  O  is  both  basic  and  acidic. 

It  dissolves  in  acids  as  follows  :—Sn  O  +  2  HX  =  Sn  Xj  -h  H2  O. 

"bases*'         "      :-2  Sn  O  +  2  MOH  =  Sn2  Os  M«  +  H«  O. 
The  oxide  Sn  Ot  is  both  basic  and  acidic. 
It  dissolves  in  halhydric  acids  as  follows:— Sn  Oj  +  4  HX  =  Sn  X4  +  2  Hj  O. 

"  bases  ♦*       "       :-Sn  0«  +  2  MOH  =  Sn  0«  M,  +  H>  0. 


0RDINABT  Stannic  Acid  Hs  Sn  Os. 


Derived  from  an  oxide  soluble  in  acids 
and  alkalis. 

The  chloride,  Sn  CU,  derived  from  it 
is  volatile  in  the  vapors  of  dilute  hydro- 
chloric acid. 


Sodium  hydroxide  readily  dissolves  it 
in  the  cold  forming  ordinary  stannate 
of  sodium. 

Ordinary  stannic  chloride  on  addition 
of  alkalis  precipitates  ordinary  stannic 
acid. 


Metastannic  Acid,  Hg  SnOs- 


Derived  from  an  oxide  insoluole  in 
acids  and  alkalis. 

The  chloride,  Sn  CU.  derived  from  it 
is  not  volatile  with  water  vapors  (meta- 
stannic chloride ,  it  decomposes  into 
hydrochloric  acid  and  metastannic  acid 
when  the  solution  is  boiled. 

Sodium  hydroxide,  when  boiling,  forms 
metastannate  of  sodium,  which  is  solu- 
ble in  water. 

Metastannic  chloride  on  addition  of 
alkallB  precipitates  metastannic  acid. 
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CHAPTER  XLV. 


LEAD  AND  ITS  COMPOUNDS. 
Lead:    Symbol,  Ph;  atomic  weight,  206.95. 

The  element  is  seldom  found  uncombined  as  a  mineral.  Its  most 
important  natural  compound  is  the  sulphide  Pb  S,  which  occurs 
widely  distributed  as  galena  or  galenite.  The  carbonate,  cerussite, 
Pb  C  O3,  the  sulphate,  anglesite,  Pb  S  O^,  the  chromate,  phosphate 
and  molybdate  are  also  not  infrequently  met  with. 

Lead  is  one  of  the  metals  which  has  been  known  since  the  oldest 
times,  having  been  familiar  to  the  Israelites.  The  Romans  made 
much  the  same  use  of  the  metal  as  we  do  at  the  present  time,  for 
they  constructed  water  pipes  of  it  and  prepared  a  solder  composed 
of  two  parts  of  lead  and  one  of  tin. 

The  lead  which  is  met  with  as  a  commercial  product  usually  con- 
tains copper,  iron  and  traces  of  silver.  It  is  prepared  by  heating 
the  sulphide  with  finely  divided  iron : 

Pb  S  +  Fe  =  Fe  S  +  Pb, 

this  operation  being  conducted  in  tall  furnaces,  which,  in  shape, 
resemble  the  bla§t  furnaces  for  the  manufacture  of  pig  iron. 
Another  method  for  the  production  of  the  metal  consists  in  roasting 
the  sulphide  in  a  current  of  air,  by  which  means  it  is  in  part  oxidized, 
80  that  a  mixture  of  the  sulphate,. oxide  and  sulphide  are  formed, 
and  when  this  mixture  is  heated  to  a  higher  temperature  the  sul- 
phate and  oxide  are  finally  reduced  by  the  sulphide  which  is  still 
present;  the  sulphur  passes  off  in  the  form  of  sulphur  dioxide,  while 
the  lead  remains  behind.  The  crude  lead  contains  silver,  antimony, 
arsenic,  copper,  iron  and  zinc;  the  oxidizable  impurities  are  removed 
by  melting  the  metal  in  the  air.  When  silver  is  present  in  sufficient 
quantity  to  pay  for  its  isolation,  the  entire  mass  is  melted  and  sub- 
jected to  a  blast  of  air,  by  which  means  lead  oxide  is  produced. 
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the  latter  melts  and  is  run  ofF  from  the  surface,  while  the  silver 
remains  behind  unchanged.  The  lead  oxide  so  formed  can  then  be 
once  more  reduced  to  lead  by  means  of  charcoal.  Another  method 
for  removing  the  silver  consists  in  melting  the  silver-bearing  lead  and 
then  allowing  the  mass  to  cool  slowly;  pure  lead  crystallizes  at  first, 
this  can  be  removed  by  means  of  a  ladle,  while  the  molten  mass 
remaining,  which  is  very  rich  in  silver,  can  be  treated  according  to 
the  method  mentioned  above;  or  the  silver  can  be  removed  by  melt- 
ing the  lead  with  zinc,  for  zinc  only  mixes  with  lead  in  a  small 
proportion,  but  is  able  to  disolve  all  of  the  silver. 

Lead  is  a  metal  having  a  bluish  gray  color  and  metallic  lustre, 
it  is  malleable  and  easily  fused,  its  melting  point  is  330°,  and  it  can 
be  boiled  at  a  high  white  heat.  The  metal  crystallizes  in  octahedra, 
its  specific  gravity  is  11.4;  when  freshly  cut  the  bright  metallic  sur- 
face soon  becomes  covered  with  a  layer  of  the  oxide  which,  however, 
protects  the  remainder  from  further  corrosion.  If  a  piece  of  zinc  is 
placed  in  a  solution  of  a  lead  salt,  the  lead  will  separate  in  a 
crystalline  form,  while  the  zinc  takes  its  place: 

Zn  -f  Pb  (N03)2  =  Zn  (NO^a  +  Pb; 

similar  substitutions  are  not  infrequently  met  with  in  the  chemistry 
of  other  metals  (see  page  302  and  foot  note). 

When  lead  is  covered  with  water  which  is  in  contact  with  the  air, 
it  becomes  covered  with  a  layer  of  lead  hydroxide,  the  latter  sub- 
stance is  to  a  certain  extent  soluble  in  water;  as  a  consequence  water 
which  has  passed  through  new  lead  pipes  contains  more  or  less 
of  the  hydroxide  in  solution  and  may,  for  this  reason,  prove  to 
be  highly  poisonous;  however,  hard  water  gradually  changes  the 
hydroxide  into  the  entirely  insoluble  carbonate,  so  that,  in  time,  the 
pipes  become  covered  with  a  protective  coating.  In  dealing  with 
lead  pipes,  however,  care  must  be  taken  to  have  no  decaying  organic 
substances  present,  for  such  impurities  may  remove  the  carbonate 
and  greatly  increase  the  solubility  of  the  lead. 

Lead  is  not  readily  attacked  by  hydrochloric  or  cold  sulphuric 
acid;  hot  and  concentrated  sulphuric  acid  has  some  effect  on  it, 
as  is  evinced  by  the  fact  that  commercial  sulphuric  acid  always 
contains  lead;  nitric  acid  readily  dissolves  the  metal  to  form  lead 
nitrate. 
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Lead  quite  readily  enters  into  a  number  of  alloys,  some  of  which 
have  already  been  mentioned  (see  page  241),  while  the  metal  is  easily 
amalgamated  by  mercury. 

Lead  forms  four  oxides,  Pbg  0,  suboxide  of  lead,  Pb  0,  lead 
monoxide,  Pbg  Og,  lead  trioxide,  and  Pb  Og  lead  dioxide  or  lead 
hy peroxide.  Of  these  the  oxides  Pb  0  and  Pb  Oj  are  the  most 
important;  the  monoxide,  Pb  O,  corresponds  to  carbon  monoxide 
and  the  dioxide,  Pb  Og,  to  carbon  dioxide. 

The  oxide  of  lead,  Pb  O,  can  easily  be  produced  by  heating  the 
nitrate  (see  page  193),  or,  like  other  oxides  of  weakly  pronounced 
metals,  it  can  be  formed  by  heating  the  hydroxide: 

Pb  (OH)2  =  PbO  +  HaO. 

This  oxide  of  lead  is  a  yellow  powder  which  is  easily  melted  to'  an 
orange-colored  mass  (litharge).  The  hydroxide  of  lead  separates  as 
a  white  precipitate  when  a  base  is  added  to  a  Solution  of  a  lead  salt: 

Pb  (N  03)2  +  2  Na  O  H  =  Pb  (0  H)2  +  2  Na  N  Oa, 

and,  like  stannous  hydroxide,  it  is  both  a  base  and  an  acid.  As  a 
result  of  its  basic  proper  ties, it  readily  dissolves  in  acids  to  form 

golf C  • 

Pb  (0  H)2  +  2  H  N  O3  =  Pb  (N  03)2  +  2  H2  O; 

and  because  of  its  acid  properties  it  dissolves  in  pronounced  alkalis: 

Pb  (O  H)2  +  2  K  O  H  =  Pb  (O  K)2  +  2  H2  O 

(compare  with  stannous  hydroxide,  page  304).  The  salts  of  lead 
can  be  formed  by  dissolving  either  the  oxide  or  hydroxide  in  acids, 
and,  being  salts  of  a  pronounced  metal,  they  are  more  or  less  stable; 
they  are  poisonous  when  in  a  soluble  form.  Among  the  most  im- 
portant salts  of  lead  are  the  chloride,  Pb  CI2,  sulphate,  Pb  8  O4,  and 
chromate,  Pb  Cr  O4,  which  are  insoluble  or  nearly  insoluble  in  water; 
they  can  therefore  be  produced  from  the  soluble  lead  salts  by  the 
addition  of  a  soluble  chloride  sulphate  or  carbonate.  The  soluble 
carbonates  of  the  alkalis  cause  a  precipitate  of  basic  carbonate  of 
lead,  Pb  (OH) 2  Pb  C  O3;  this  substance  is  white  lead.  Among  the 
important  soluble  lead  salts,  the  acetate  (Pb  (Cg  Hg  03)21  sugar  of 
lead)  may  be  mentioned.  One  interesting  fact  as  regards  lead  salts 
is  the  isomorphism  which  the  sulphate  displays  with  the  sulphates 
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of  the  very  pronouncedly  metallic  alkaline  earths,  calcium,  barium 
and  strontium,  and  the  isomorphism  of  the  carbonate  with  carbon- 
ates forming  the  arragonite  group  (page  281).*  This  relationship 
shows  us  that  the  pronounced  metallic  properties  of  lead  have 
caused  it  to  depart  so  far  from  the  family  type  that  its  salts  resem- 
ble those  of  the  most  characteristic  divalent  metals;  this  isomor- 
phism is  also  displayed  in  the  case  of  some  other  lead  compounds. 

The  oxide  of  lead  next  in  importance  to  the  monoxide,  Pb  O,  is 
the  dioxide  or  hyperoxide,  Pb  O2,  this  substance  has  only  very  weak 
basic  or  acid  properties.  It  belongs  to  the  class  of  hy peroxides  of 
which  manganese  dioxide  is,  perhaps,  the  best  known  representative; 
the  hyperoxides  are  all  neutral  or  nearly  neutral  bodies  which,  when 
heated  with  sulphuric  acid,  give  ofF  oxygen  and  change  to  the  sul- 
phate of  the  oxide  MO,  and  which,  when  treated  with  hydrochloric 
acid,  liberate  chlorine.  The  dioxide  of  lead  is  occasionally  found  in 
nature,  it  can  be  formed  in  the  laboratory  by  treating  the  oxide 
Pba  0^  t  with  nitric  acid  or  by  oxidizing  the  acetate  o*f  lead  with 
a  solution  of  chloride  of  lime. 

Lead  dioxide  is  a  dark  brown  powder  which  is  a  powerful 
oxidizing  agent,  indeed,  it  can  oxidize  sulphur  dioxide  so  readily 
that  the  heat  of  the  reaction  may  even  cause  it  to  glow,  provided 
it  is  finely  divided  and  placed  in  an  atmosphere  of  the  gas. 
When  in  contact  with  strong  bases  it  dissolves  to  form  salts  of 
an  acid,  plumbic  acid,  Hg  Pb  O3,  which,  in  formula,  corresponds 
to  carbonic  acid  but  which,  like  the  latter,  does  not  exist  in 
the  free  state;  only  a  very  few  salts  of  this  acid  are  known. 
On  the  other  hand  the  dioxide  is  soluble  in  some  acids,  although 
the  salts  which  are  presumably  formed  by  this  action  have  not 
been  isolated.  The  suboxide  of  lead,  Pbg  O  and  the  sesquioxide, 
Pba  O3  are  of  little  importance.  The  metallic  character  of  lead 
is  so  predominent  that  the  nature  of  its  oxides  is  very  much  at  vari- 
ance with  that  of  the  oxides  of  the  elements  at  the  beginning  of 
this  family,  indeed,  in  the  formation  and  character  of  the  compounds 

*The  carbonates  of  calcium,  barium,  manganese  and  iron. 

+  The  red  oxide  of  lead  Pbs  O4  can  be  looked  upon  as  a  mixture  of  the  oxides 

Pb  O  and  Pb  O2 : 

2PbO  +  PbOj  =  Pb«04; 

the  nitric  acid  dissolves  out  the  monoxide  Pb  O  and  leaves  the  dioxide  Pb  O^;  com 
pare  this  formula  with  Mns  O4  and  Fes  O4. 
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Pbg  O4  and  Pb  Og  lead  very  much  resembles  manganese,  while  the 
isomorphism  of  its  salts  with  those  of  calcium,  barium  and  strontium 
brings  it  in  close  connection  with  the  alkaline  earths,  on  the  other 
hand  it  is  like  carbon,  silicon  and  tin,  for  its  oxide  Pb  Oj  shows 
weakly  acid  properties.  In  fact,  the  chemical  characteristics  of  lead 
are  not  very  marked  in  any  direction,  nor,  indeed,  is  this  neutral 
behavior  unexpected,  for  we  find  it  to  be  quite  a  general  fact  that 
the  elements  with  high  atomic  weights  and  specific  gravities  display 
no  very  pronounced  chemical  properties,  the  crowding  of  a  large 
mass  into  a  small  space,  as  is-  the  case  with  these  elements,  is  there-  * 
fore  unfavorable  for  the  manifestation  of  striking  chemical  phe- 
nomena. 

Lead  forms  only  one  sulphide  which  has  been  accurately  studied, 
the  monosulphide  Pb  S.  This  substance  is  found  as  the  mineral 
galena,  crystallfzed  in  cubes  of  metallic  appearance.  In  the  labora- 
tory it  can  be  produced  either  by  direct  combination  of  the  elements 
or  by  precipitation  from  acid  solutions  of  lead  salts  by  means  of 
hydrogen  sulphide;  when  so  prepared  it  is  a  black,  amorphous 
powder  which  is  not  attacked  by  cold  hydrochloric  acid,  but  which  is 
attacked  by  that  substance  when  it  is  hot  and  concentrated.  Oxidiz- 
ing agents,  such  as  nitric  acid,  change  it  into  the  insoluble  sulphate 
of  lead  and  a  similar  transformation  is  brought  about  by  roasting  in 
the  air. 

In  the  following  table  the  most  important  compounds  which 
have  representatives  in  the  chemistry  of  a  number  of  elements 
of  this  family  are  placed  side  by  side;  those  acids  which  are 
not  known  in  a  free  state,  but  salts  of  which  exist,  are  placed  in 
parentheses : 


OXIDES. 

CO,     ,   Geo,   SnO,    Pb  O, 

C  Of ;  SI  Of,  Ge  Of,  8n  0«.  Pb  Of. 

CHLORIDES. 

,    ,    GeClf,  SnClf.PbClf, 

C  CU.  SI  CI4,  Ge  CU,  Sn  Cli,  Pb CU.*     . 


ACIDS. 


,        ,     ,  HfSDfOa,  Pb(0H)2. 

(HfCOf),  HgSiOf. .  Hf Sn  0$,  (HgPb  Os). 

SALTS. 

Ms  C  Os,  Mf  Si  Of,  -,  Mf  Sn  Of,  Mf  PbOf 

SULPHIDES. 


,   — ^,     ,   SnS,    PbS, 

C  Sf ,  SI  Sf ,  Ge  Sf ,  Sn  Sy,  . 


*  Presumably  formed  because  the  dioxide  dissolves  in  acids. 
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CHAPTER  XLVI. 


THE  ELEMENTS  OF  THE  BORON  FA^IILY.    (THE  EARTHS). 

The  elements  of  the  family  of  which  boron  is  the  member  with 
the  smallest  atomic  weight,  are  the  last  which  will  be  considered 
where  any  purely  not-metallic  element  occurs.  As  has  been 
repeatedly  mentioned,  the  groups  of  elements  become,  as  a  whole, 
more  metallic  in  their  nature  as  the  atomic  weights  diminish,  this 
fact  is  readily  recognized  by  comparing  the  various  families  in  the 
order  in  which  they  have  been  studied,  as  is  shown  in  the  table  on 
page  255.  In  the  nitrogen  group  there  are  four  elements,  nitrogen, 
phosphorus,  arsenic  and  antimony  which  could  be  classed  with  the 
not-metals,  in  that  of  carbon  there  are  but  two,  carbon  and  silicon, 
while  in  the  one  under  consideration,  boron  alone  appears  to  us  with 
pronouncedly  not-metallic  characteristics,  while  even  this  element  is 
unable  to  form  a  gaseous  hydrogen  compound  of  sufficient  stability 
to  render  an  accurate  study  of  its  properties  practicable. 

The  elements  comprising  the  boron  family  are: 

BoroD,  atomic  weight.  11;  Carbon,  atomic  weight,  12;* 
Aluminium,  **       **        27;  SUicon,  **  "        28.4; 

Gallium,        "'       "        69;  Germanium,'*  *'        72,3; 

Indium.         "       "    113.7:  Tin,  "  **       110.; 

Thallium,     "       '•  3M.18;  Lead.  "  "       206JXk 

The  highest  valence  toward  oxygen  displayed  by  the  elements  of 
the  nitrogen  family  is  five,  as  is  shown  by  the  existence  of  the  pen- 
toxides,  Xj  O3;  in  the  carbon  family  the  power  of  uniting  with 
oxygen  is  exhausted  when  the  dioxide,  XOj,  in  which  the  element 
is  quadrivalent,  is  reached,  while  in  the  boron  group,  with  a  return 
to  the  type  of  oxide  shown  by  nitrogen  and  its  fellows,  the  highest 
valence  displayed  toward  oxygen  is  only  three,  so  that  the  charac- 
teristic oxides  of  this  group  have  the  formula  Xj  O,.  These  oxides, 
of  course,  suffer  a  diminution  in  their  acidic  character  the  greater 

*For  the  purpose  of  comparing  atomic  weights  the  elements  of  the  carbon 
family  have  been  placed  in  a  parallel  column. 
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the  atomic  weight  of  the  element  forming  them  is,  so  that  boron 
trioxide,  Bg  O3,  acts  as  an  acidic  anhydride  under  all  circumstances, 
aluminium  trioxide,  AI2  O3,  is  both  basic  and  acidic,  the  oxide  of 
gallium,  Gsa  O3,  displays  the  same  character,  while  the  oxide  of 
indium,  Inj  O3,  is  almost  exclusively  basic,  for  it  dissolves  in  caustic 
alkalis  only  with  difficulty  and  the  unstable  compound  so  formed  is 
broken  up  by  warming  the  solution;  finally,  the  trioxide  of  thallium, 
TI2  O3,  is  not  affected  by  the  reagents  in  question;  from  the  above 
comparative  statement  it  follows  that  the  oxides  Xo  O3  are  more 
basic  the  greater  the  atomic  \veight  of  X.  As  the  elements  in  the 
family  increase  in  atomic  weight,  they  display  the  same  tendency  to 
form  a  number  of  oxides  which  is  observed  in  the  case  of  lead  in  the 
carbon  family,  this  fact  will  become  apparent  by  a  study  of  the 
following  table: 

Boron  forms  one  oxide,  62  Os  ; 

Aluminium  forms  one  oxide,  AU  Oft ; 

Gallium  "     two  oxides,  Ga  O,  and  Gag  Og ; 

Indium  '*        •'         '•        InOandIn2  08; 

Thallium  "     three   "        Tlj  O,  TI2  Og.  andTl  Og. 

The  oxides  with  least  amount  of  oxygen  which  are  derived  from  any 
given  element,  are,  without  exception,  basic  in  their  character  while 
the  trioxides,  with  the  exception  of  that  of  thallium,  are  both  basic 
and  acidic.  The  majority  of  the  salts  which  contain  an  element 
which  is  a  member  of  this  family  are  derived  from  the  trioxide  Xg  O3. 
What  is  true  of  the  oxides  is  also  true  of  the  halogene  com- 
pounds, the  elements  with  high  atomic  weights  each  are  capable  of 
forming  more  than  one  chloride,  bromide  or  iodide,  while  aluminium 
and  boron  are  confined  to  one  apiece.  The  trihalide,  like  the 
trioxide,  is  the  compound  common  to  all  of  the  members  of  the 
family.  The  relationship  between  these  compounds  can  be  seen  by 
examining  the  following  table,  as  will  be  noticed,  the  rule  which 
held  good  in  all  the  preceeding  families,  namely,  that  the  boiling 
points  of  the  trichlorides  are  higher  the  greater  the  molecular  weight 
of  the  compound,  is  also  without  exception  in  this  group. 

B  Cls,  liquid,  boils  at  17^ 

Al  Cla,  solid,  melts  at  180%  boils  at  183°: 

Ga  CU,  solid,  melts  at  75.5°.  boils  at  220°; 

In  Cla.  solid,  volatilizes  at  red  heat  without  melting; 

Tl  CU,  gives  off  chlorine  when  heated  and  changes  to  the  chloride  Tl  CI. 

In  addition  to  the  chlorides  given  above,  gallium  forms  a  compound  with  the 
formula  Ga  01*,  indium  the  chlorides  In  01  and  In  Cls,  while  thallium  also  has  a 
monochloride,  Tl  CI. 


-316  A  TEXT-BOOK  OF 


CHAPTER  XLVII. 


BORON  AND  ITS  COMPOUNDS. 

Boron:     Symbol,  B;  atomic  weight,  11. 

In  its  physical  charact«»ristic8  boron  bears  a  marked  resemblance 
to  carbon,  the  element  having  the  next  highest  atomic  weight  to  its 
-own,  but  in  the  chemistry  of  its  oxides  and  chlorides,  boron  is  very 
much  like  the  members  of  the  nitrogen  family. 

Boron  is  never  found  uncombined  in  mineral  deposits.  Its  com- 
pounds, which  not  infrequently  occur  in  nature,  are  either  salts  of 
boric  acid  or  the  acid  itself.  The  most  important  of  these  minerals 
are; 

Borax  (tinkal)  Na  H  iBOt)t.  4  Hs  O; 
Borocalcite.  Ca  Hz  « B  Os )4.  a  Hs  O. 

The  borates  of  other  metals,  for  instance  of  iron  and  magnesium,  are  also 
found,  while  solutions  of  boric  acid  sometimes  occur  in  lai^oons  of  volcanic  regions. 

Although  the  element  was  not  isolated  until  1 807  *  and  was  not 
accurately  described  until  1824, f  its  compounds,  especially  tinkal, 
occurring  as  they  do  in  mineral  deposits,  were  known  in  very  early 
times,  the  natural  borax  having  become  familiar  to  Europeans  by 
importations  from  India. 

Boron  can  be  isolated  by  heating  sodium  with  the  oxide  Bj  O3  or 
potassium  with  potassium  fluoborate,  K  B  F^.  When  so  obtained  it 
is  an  amorphous  brownish  black  powder  which  greatly  resembles 
silicon  in  appearance;  it  is  quite  readily  dissolved  by  melted  alum- 
inium and,  when  the  metal  containing  the  boron  is  cooled,  the  latter 
separates  in  the  form  of  red  dish -yellow,  diamond-like  crystals  which 
are  verv  hard  and  lustrous.  When  the  aluminium  has  onlv  been 
heated  to  a  temperature  just  above  its  melting  point,  then  the  dis- 
solved boron  appears  in  a  graphitoidal  form.  Elementary  boron, 
therefore,  displays  modifications  similar  to  those  peculiar  to  carbon. 
The  specific  gravity  of  boron  is  2.68;  it  is  infusible. 

•  By  Guy  Lussac  and  Th^uard. 
+  By  Berzelius. 
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When  heated  in  the  air,  amorphous  boron   burns  to  form  the 
trioxide   Bj  O3;   the  same  modification  of  the  element  is  readiljr. 
oxidized   by  nitric  acid  or  even  by  concentrated  sulphuric  acid,* 
boric  acid,  B  O3  Hg,  being  produced.    Boron  can  unite  directly  with, 
chlorine,  bromine,  with  some  metals,  and  with  nitrogen. 

-  A  gaseous  hydrogen  compound  of  boron  was  hot  known  until 
quite  racently.f  It  was  then  prepared  in  an  impure  state  by  treat- 
ing the  boride  of  magnesium  with  hydrochloric  acid  ;^  this  method 
corresponds  to  the  one  by  which  silicon  hydride,  Si  H^,  and  pure- 
arsine  and  stibine  are  produced.  Hydrogen  boride  is  very  unstable; 
it  burns  in  air  or  in  oxygen  with  a  bright  green  flame  and  it  is- 
slightly  soluble  in  water.  The  formula  assigned  to  the  gas  is 
B  H3,  but  a  more  extended  investigation  of  its  composition  is- 
necessary. 

The  halogene  compounds   of  boron  correspond   to  the   general 
formula  of  B  X3,  so  that  in  structure  they  are  identical  with   the- 
trihalides  of  the  nitrogen  family.     The  trichloride  and  trifloride  are. 
the  only  representatives  of  these  compounds  which  we  need  consider. 
The  trichloride  is  formed  by  the  direct  union  of  chlorine  and  boron;  J. 
when  first  discovered  it  was  supposed  to  be  a  gas  at  ordinary  tem- 
peratures, but  subsequent  investigations  proved  it  to  be  a  liquid  with 
a'  boiling  point  at  17°.     B3ing  the  chloride  of  a  not-metal,  boron 
trichloride  is,  of  course,  readily  decomposed  by  water,  and  normal  or 
ortho  boric  acid  results  from  tliis  decomposition: 

rci-f  HOH    roH 

B  -^  CI  +  HOH  =  B  -^  OH  +  3  H  CI. 
(Cl  +  HOH      (oh 

It  will  be  noticed  that  this  change  is  parallel  to  the  one  undergone- 
by  phosphorus  trichloride  when  in  the  presence  of  water,  (see  pages- 
77  and  212). 

Boron  trifljioride  is  a  colorless  gas  ^nd  is  interesting  because  its 
chemical  properties  are  much  like  those  of  the  tetrafluoride  of  silicon 
(see  page  290).     It  can  be  prepared  by  treating  the  dry  trioxide  of 

*  Compare  the  action  of  amorphous  carbon  ( charcoal)  on  nitric  acid,  note  59  of 
appendix,  and  on  sulphuric  acid,  page  132. 

t  In  1881,  by  Jones  and  Taylor. 

tBypassiixg  chlorine  over  an  intimate  mixture  of  b^ron  and  catbon  heated  to 
redness.  This  uf&thod  of  preparation  is  exactly  like  the  one  employed  in  the  forma 
tion  of  the  chloride  of  silicon,  Si  CI 4. 


318  A  TEXT-BOOK  OP 

boron  with  hydrofluoric  acid  *  so  that,  m  this  reaction  boron  trioxide 
is  a  base, 

B2  Os  +  6  HF  =  2  BF3  +  3  Hj  O.f 

Boron  trlfluoride,  when  passed  into  water  undergoes  a  decomposition 
fiimilar  to  that  exporiencad  by  silicon  tetrafluoride,  for  it  breaks 
down  into  boric  and  fluoboric  acids,  (see  page  291). 

4  BF,  +  3  Ho  O  =  3  H  BF,  +  B  (OH),. 

Fluoboric  acid  bears  a  very  close  resemblance  to  fluosilicic  acid. 
It  forms  fluoborates  with  the  general  formula  of  MBF4  when  it  is 
brought  in  contact  with  the  hydroxides  of  the  alkali  metals  and  in 
these  compounds  fluorine  must  necessarily  b3  considered  as  a  biva- 
lent element  for  reasons  identical  with  those  brought  forward  in  the 
discussion  of  silicofluorides  on  page  291. 

The  only  oxide  of  boron  is  the  trioxide,  B.^  O3.  The  latter  can 
be  formed  either  by  burning  amorphous  boron  or,  as  is  more  expe- 
dient, by  heating  the  hydroxide  B  (0H)3  (boric  acid)  to  redness; 
the  trioxide  forms  a  glass-like  mass  which  is  soluble  in  water  au<l 
which,  as  it  volatilizes  only  at  a  very  high  temperature,  will,  when 
heated  with  the  salts  of  other,  volatile  acids,  finally  decompose  thos^ 
salts  and  form  borates.  For  the  same  reason,  fused  boric  acid  is 
able  to  dissolve  the  groat  majority  of  metallic  oxides.^* 

Boric  acid,  (B  (0H)3,  not  infrequently  occurs  in  natural  depo- 
sits, it  being  found  in  a  crystalline  state  in  the  neighborhood  of  tht- 
fumarolesj  of  Tuscany,  the  acid  so  fouod  is  called  **  sassolin."  The 
water  of  the  lagoons  in  tliis  region  contains  about  one-tenth  per  cent. 
of  boric  acid,  this  amount  is  increased  to  as  much  as  one  per  cent. 
by  collecting  the  water  in  cisterns  and  then  allowing  the  vapors, 
charged  with  boric  acid,  to  condense  in  these  receptacles;  the  cisteru 
water  is  finally  evaporated  in  flat  leaden  pans  which  are  warmed  br 
the  steam  which  is  cscapini^  from  the  earth;  the  solid  residue  wbicb 
remains,  c  mtaining  about  75  per  cent,  of  boric  acid,  is  purified  by 


*By  mixing  the  trioxide.  B>  Os,  witli  fluorspar,  fusing  and  then  addlQg  sul- 
phuric acid  to  the  mass  when  cool. 

t  Note  the  resemblance  of  this  reaction  to  the  one  employed  in  preparing  th'» 
fluoride  of  silicon. 

ifFumarolerfare  jets  of  water  vapor  which  escape  from  fissures  In  the  earth  iu 
volcanic  regions;  these- vapors  condensu  on  the  surface  and  form  small  Iagoon» 
•which  arc  kept  boiling  by  the  continued  injoctipn  of  hot  vapors. 
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Tecrystallization.  Boric  acid  is  also  prepared  for  commercial  use  by 
tdecomposing  natural  borax*  or  borocalcite  by  means  of  acids. 

Boric  acid  is  a  white,  crystalline,  flaky  solid  which,  to  the  touch, 
has  a  peculiar  fatty  feeling;  it  is  tolerably  soluble  in  water,  one  part 
of  the  acid  being  taken  up  by  twenty-six  parts  of  the  solvent  at 
•ordinary  temperatures.  Boron  trioxide  is  also  quite  soluble  in 
alcohol;  when  this  solution  is  lighted,  the  solvent  burns  with  a 
characteristic  green  flame.^® 

The  usual  form  of  boric  acid  is  orthoboric  acid,  when  this  sub- 
stance is  heated  to  100^,  water  is  given  ofP  and  metaboric  acid  is 
produced ; 

B  (0H)3  =  BO2  H  +  H2  O.f 

When  metaboric  acid  is  heated  to  100^  it  is  changed  to  tetraboric 
acid,  which  has  the  formula  H2  B^  O7,  its  structure  being  similar  to 
those  of  di  and  trisilicic  acids  (see  page  296).  The  most  common 
salt  of  boric  acid,  commercial  borax,  is  derived  from  tetraboric  acid. 
Finally,  when  tetraboric  acid  is  fused,  all  of  the  hydro xyle  groups 
are  separated  in  the  form  of  water,  and  the  anhydride  B2  O3  is 
formed. 

The  metaborates,  M  B  O2,  and  the  tetraborates,  Mg  B^  O7,  are 
the  most  stable  salts  of  boric  acid.  The  orthoborates,  M3  B  O3,  are 
easily  decomposed;  the  organic  derivatives  of  orthoboric  acid  are, 
however,  quite  frequently  tolerably  stable  substances. 

The  not-metallic  properties  of  the  elements  of  the  boron  family 
are  not  very  pronounced,  indeed,  the  element  with  next  higher 
atomic  weight,  namely  aluminium,  is  almost  invariably  metallic  in 
its  nature;  so  that,  as  a  consequence,  we  would  expect  boron  trioxide 
to  act  as  a  base  under  some  circumstances,  and  this  is  found  to  be 
the  case  when  we  consider  that  the  oxide  dissolves  in  hydrofluoric 
acid  to  form  boron  trifluoride,  B  F3,  and  is  also  made  apparent  by 
the  existence  of  a  phosphate  of  boron,  B  P  O4. 

Only  one  oxy,  or  acid  chloride  of  boron,  having  a  character 
similar  to  the  chlorides  of  sulphur  and  phosporus  (see  pages  182 


*  Found  in  large  quantities  in  some  allf  aline  lalces,  for  instance  in  Borax  lake, 
California. 

t  Compare  with  th(v  table  on  page  207. 
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and  213)  exists.  This  substance  has  the  formula  B  0  CI;  it  is 
derived  from  metaboric  acid  by  replacing  the  hydroxyle  group  with 
chlorine;  it  is  decomposed  by  water. 

The  sulphide  of  boron  in  formula  corresponds  to  the  oxide,  it 
can  be  formed  by  direct  union  of  the  elements.  No  sulpho-salts 
derived  from  this  compound  are  known,  indeed  it  is  decomposed 
with  the  greatest  violence  when  brought  in  contact  with  water,  so 
that  in  the  latter  respect  it  resembles  the  sulphide  of  silicon. 

Boron  is  one  of  the  few  elements  that  is  capable  of  direct  union 
with  nitrogen.  The  nitride  of  boron,  B  N,*  is  a  white  solid,  formed 
by  heating  an  intimate  mixture  of  borax  and  ammonium  chloride. 
Like  cyanogen,  it  is  a  stable  substance;  it  is  not  attacked  either  by 
acids  or  alkalies,  but  when  heated  in  a  current  of  steam  it  breaks 
down  into  boric  acid  and  ammonia: 

B  N  +  3  H2  O  =  B  (0  H)8  +  N  H,. 

The  occurrence  of  boric  acid  in  the  fumaroles  of  Tuscanv  is  attri- 
buted  to  the  subterranean  decomposition  of  the  nitride  of  boron  by 
means  of  water  vapor. 

♦  This  nitride  is  therefore  analogous  to  cyanogen,  (O  N)i. 
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CHAPTER  XLVIII. 


ALUMINIUM  AND  ITS  COMPOUNDS. 
Aluminium:     Symbol,  Al;  atomic  weight,  27;  specific  gravity,  2,5, 

Aluminium  never  occurs  as  the  uncombined  metal.  Its  oxide, 
hydroxides,  fluoride  and  silicates  are,  however,  very  widely  dis- 
tributed in  mineral  deposits.  The  chief  aluminium  compounds 
which  are  found  in  the  form  of  mineral  individuals  are: 

Corundum:    Als  Os,  named  ruby  when  found  in  red,  transparent  crystals. 

Diaspor:    Al  Os  H;  this  hydroxide,  in  formula,  corresponds  to  metaboric  acid. 

Beauxite:    Ala  0(0H)4. 

Hydrargyllite:    Al  (O  H)8;  this  substance  is  the  normal  aluminium  hydroxide. 

Cryolite:    3  Na  F,  Al  Fa- 

Spinell:    Mg  AI2  O4 ;  a  magnesium  salt  of  the  hydroxide  Al  Os  H. 

In  addition  to  these  oxides  and  hydroxides  and  the  salts  derived  from  them, 
aluminium  forms  a  large  number  of  silicates.  Among  the  orthosilicates  which  con- 
tain aluminium  are: 

Garnet:    Cas  Alt  (Si  04)3. 

Muscovite:    K  Us  Als  (Si  04)3 ;  and  alfied  to  muscovite  are  the  various  micas 

Kaolin  (clay):    H4  Als  Sis  Oq. 

Some  of  the  most  important  meta-silicates,  for  example,  hornblende  and  augite, 
have  already  been  mentioned,  as  have  also  the  very  important  poly  silicates  which 
l>eiong  to  the  feldspar  group  (see  page  296). 

80  extended  is  the  distribution  of  aluminium  in  the  mineral 
kingdom  that  it  can  safely  be  asserted  that  the  element  is  a 
constituent  of  the  greater  number  of  natural  silicates.  Basic  sul- 
phates and  phosphates  of  aluminium  are  also  not  infrequently  met 
with. 

Although  its  compounds  are  so  widely  distributed,  alui^inium 

itself  was  not  discovered  until  1827,  when  Wohler  prepared  the 

metal  by  heating  powdered  aluminium  chloride  with  potassium.    At 

a  later  date  St.  Claire  Deville  introduced  the  use  of  sodium,  which 

is  comparatively  cheap,  in  place  of  the  very  dear  metal  potassium, 

and  at  a  still  later  date  Kose  improved  the  process  by  using  cryolite, 

Al  F3,  3  K  F,  instead  of  aluminium  chloride.     Until  very  recently, 

however,  all  of  the  aluminium  of  commerce  was  prepared  by  heating 
21 
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the  chloride  of  that  metal  with  sodium,  hy  which  reaction  sodium 
chloride  and  aluminium  are  formed: 

Al  CI,  +  3  Na  =  Al  +  3  Na  CI. 

In  the  last  four  years  this  expensive  process  has  given  way  to  one 
which  depends  on  the  electric  decomposition  of  fused  beauxite  by 
means  of  a  very  powerful  current,  generated  by  dynamo  machines  of 
unusual  size.  Crushed  beauxite  is  placed  in  flat  iron  tanks,  which 
latter  constitute  one  of  the  electrodes,  while  a  series  of  extra  large 
pieces  of  gas  carbon,  connected  by  a  copper  strap,  and  placed  in 
contact  with  the  crushed  mineral,  form  the  other.  When  the  cur- 
rent is  turned  on,  the  resistance  of  the  solid  beauxite  is  suf&cient  to 
heat  the  entire  mass  to  its  fusing  point,  and  when  this  stage  ifi 
reached,  cryolite,  which  by  reason  of  its  low  melting  point  and 
specific  gravity  will  form  a  protective  covering  to  the  beauxite,  is 
added;  the  electric  decomposition  of  the  mass  then  goes  on,  alumi- 
nium separating  in  nodular  masses.  By  reason  of  this  improvement 
in  the  manufacture  of  the  metal,  the  price  of  aluminium  has  fallen 
very  greatly  of  late  years. 

The  specific  gravity  of  aluminium  is  2.5,^  its  melting  point  is 
700^;  the  metal  cannot  be  volatilized.  Aluminium  is  a  good  con- 
ductor of  heat;  it  conducts  electricity  almost  eight  times  as  well  as 
iron  does.  When  covered  with  concentrated  nitric  acid  the  metal  is 
transferred  into  a  condition  in  which  it  is  not  further  attacked  by 
the  acid;  when  the  metal  is  in  this  state  it  will  generate  an  electric 
current  when  placed  in  contact  with  ordinary  aluminium.  A  metal 
acting  in  this  way  is  said  to  be  in  the  ''passive  state."  No  adequate 
explanation  of  this  phenomenon  has  as  yet  been  given. 

Aluminium,  because  of  its  small  specific  gravity,  its  toughness 
and  the  difficulty  with  which  it  is  attacked  by  the  corroding  agents 
which  ordinarily  come  in  contact  with  a  metal  in  general  use,  will, 
in  the  future,  have  its  commercial  usefulness  limited  only  by  the 
cost  of  its  production,  and,  as  we  have  seen,  the  latter  is  constantly 
diminishing.  A  number  of  aluminium  alloys  are  finding  extended 
application;  perhaps  the  most  important  of  these  is  aluminium 
bronze  composed  of  about  ten  parts  of  aluminium  to  ninety  parts  of 

•  This  specific  gravity  Is  for  cast  aluminium;  hammered  aluminium  has  a 
•peolflc  crravity  of  9.87. 
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copper;  this  composition  is  more  easily  worked  than  or4inar7  bronze, 
is  tougher,  is  tarnished  with  difficulty  and  has  the  color  of  gold. 

Aluminium  forms  but  one  series  of  compounds  with  the  halo- 
genes,  these  compounds  have  the  general  formula  Al  Xg  and  of  these 
the  chloride  Al  CI,  is  the  most  important.  Aluminium  chloride  is 
produced  by  heating  powdered  aluminium  in  a  current  of  dry 
chlorine.  Although  a  solution  of  aluminium  oxide  or  hydroxide  in 
hydrochloric  acid  undoubtedly  contains  aluminium  chloride,  just  as 
is  the  case  in  a  similar  solution  of  arsenic  trioxide  (see  page  175), 
nevertheless,  the  salt  cannot  be  isolated,  by  evaporating  the  liquid 
because,  as  the  trichloride  is  the  halogene  compound  of  a  metal  with 
very  weakly  pronounced  metallic  properties,  it  at  once  breaks  down 
into  the  hydroxide  of  aluminium  and  hydrochloric  acid : 

(  CI  +  HOH  (  OH 

Al  ^  CI  +  HOH  =  AW  OH  +  3  H  CI. 
I  CI  +  HOH  (  OH 

Aluminium  chloride  is  a  white,  crystalline  solid  which  fumes  when 
in  contact  with  the  air;  it  greedily  absorbs  moisture  and,  while 
giving  ofE  hydrochloric  acid,  changes  into  aluminium  hydroxide;  it 
boils  at  180°.  The  vapor  density  of  aluminium  chloride  was 
formerly  supposed  to  be  9.34,  if  air  is  taken  as  unity,  this  specific 
gravity  corresponds  to  a  molecular  weight  of  267,'  and  a  formula 
Ala  Cle-  This  experimental  evidence  inaugurated  a  theory  of  the 
quadrivalence  of  aluminium  in  its  trichloride,  for  the  structure  of 
the  latter  compound,  were  the  molecule  to  have  the  formula  Alg  Cl^ 
would  be  as  follows : 

cn  rci 

CI  V  Al  —  Al  ^  CI 

Cl)  (ci. 

A  similar  constitution  was  assigned  to  the  trichloride  of  iron, 
which  substance  likewise  was  supposed  to  have  a  molecule  corre- 
sponding to  the  formula  Fcg  Clj.  The  latest  investigations  of 
Nilssen  and  Petterson*  have  shown,  however,  that  the  vapor 
density  of  9.34  found  for  aluminium  chloride  is  only  incidental  to  a 
certain  temperature  f  and  this  specific  gravity  steadily  diminishes  as 

•  Zeitschrlft  fur  Physikallsche  Chemle,  IV,  206. 
f3W. 
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the  heat  is  increased,  until  it  reaches  4.6  at  800**;  this  latter  number 
remains  constant  up  to  1500^,  from  this  it  is  evident  that  the  mole- 
cular weight  of  aluminium  chloride  is  133.5;  the  formula  of  this 
compound  is  consequently  Al  CI3,*  so  that  aluminium  must  be 
regarded  as  a  trivalent  element.  Even  if  no  vapor  density  deter- 
minations of  the  chloride  of  iron  had  been  made,  it  would  seem 
probable  that  the  trichloride  has  the  formula  of  Fe  Clj,  for  iron  can 
replace  aluminium  in  isomorphous  mixtures,  so  that  a  difference  in 
the  valence  of  the  two  elements  in  compounds  derived  from  the  tri- 
oxide  M2  Oj  seems  scarcely  probable. 

The  halogene  compounds  of  aluminium  possess  the  power  in  a 
marked  degree  of  forming  double  salta  with  the  halides  of  other 
metals.  Formerly  these  double  salts  were  looked  upon  as  molecular 
additions,  formed  of  a  finished  molecule  of  some  halogene  salts  of 
aluminium  uniting  with  the  halide  of  an  alkali  metal.  Such  a 
theory  really  means  that  we  have  no  knowledge  of  the  structure  of 
such  compounds,  although  in  maintaining  it  we  must  believe  that 
the  molecules  have  a  residuum  of  chemism  at  their  disposal.  The 
theory  of  simple  molecular  addition  would  no  longer  be  tenable  if 
any  of  the  double  salts  could  be  obtained  as  gases  with  unchanged 
composition,  and  in  the  case  of  the  double  chloride  of  sodium  and 
aluminium,  Deville  states  that  the  compound  can  be  vaporized  with- 
out separating  it  into  molecules  of  Al  Clg  and  Na  CI.  A  theory 
which  is  of  late  being  regarded  with  considerable  favor  is  the  one 
which  supposes  that,  in  the  double  halides,  the  halogene  compounds 
of  such  weakly  metallic  elements  as  arsenic,  antimony,  bismuth,  or 
aluminium  assume  the  role  of  acidic  anhydrides,  while  the  halides 
of  the  alkali  metals  are  the  bases,  and  in  order  to  maintain  such  a 
theory  the  assumption  is  inevitable  that  the  atoms  of  the  halogenes 
can,  under  certain  circumstances,  become  divalent;  such  a  belief  is 
strengthened  by  the  existence  of  acids  like  fluosilicic  acid,  Hj  Si  F,, 
and  fluoboric  acid,  H  B  F4  (see  pages  291,  318).  That  structures 
similar  to  those  of  the  salts  of  oxy-acids  are  possesed  by  the  double 
halide  salts  seems  more  than  probable  if  we  consider  the  following: 
**When  a  halide  of  any  element  combines  with  the  halide  of  an  alkali 

•This  discovery  is  further  borne  out  by  the  fact  that  certain  organic  deriva- 
tives of  aluminium  which  have  been  obtainpd  as  gases  undoubtedly  contain  tbat 
element  in  a  trivalent  form. 
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metal  to  form  a  double  salt,  the  number  of  molecules  of  the  alkali 
salt  which  are  added  to  one  molecule  of  the  other  halide  is  never 
greater,  and  is  generally  less  than  the  number  of  halogene  atoms 
contained  in  the  latter.''*  It  must  be  confessed,  however,  that  the 
rule  has  a  number  of  exceptions.  The  chlorides  of  aluminium 
and  potassium  and  of  aluminium  and  sodium  have  the  formulae 
Al  CI3,  K  CI  and  Al  CI3,  Na  CI,  and  if  we  regard  Al  CI3  as  analo- 
gous to  an  acidic  anhydride,  and  K  CI  and  Na  CI  as  analogous  to 
bases,  the  structure  of  these  compounds  would  be  as  follows: 


Al{5^    and    Aljgj,^. 


the  parallelism  between  these  formulae  and  those  of  the  corresponding 
oxy-componnds  becomes  apparent  when  we  consider  the  structure  of 
the  latter,  namely: 

Aljgg.    and    Aljgjj^ 

The  double  fluorides  of  aluminium  are  of  two  kinds,  the  first  of 
which  with  the  generajljformula  Alj  ^^  -w^  are  constructed  similarly 
to  the  chlorine  compounds,  while  second,  with  the  general  formula 

rFjM  roMt 

Al  ■<  Fa  M,  correspond  to  the  theoretical  ortho-aluminates,  Al  •<  O  M 

(f^m  (om. 

In  addition  to  the  substances  which  have  just  been  discovered,  a 
number  of  compounds  in  which  aluminium  chloride  is  a  base  are 
known  J  an  example  would  be  the  compound  Al  CI3,  PCI5.J  The 
existence  of  these  double  chlorides  once  more  reminds  us  of  the  great 
resemblance  between  the  chemistry  of  the  halogenes  and  that  of 
oxygen  (see  pages  60,  61  and  152). 

Aluminium  forms  but  one  oxide,  thet  rioxide  Alj  Og.  -  This  sub- 
stance occurs  as  the  mineral  corundum,  which,  when  finely  divided 
and  mixed  with  oxide  of  iron,  is  called  emery.  The  transparent, 
red  crystals  of  the  oxide  are  called  ruby;  Aluminium  trioxide  iis 
produced  when  aluminium  is  glowed  in  air  or  in  oxygen,  or  when 

•  Remsen,  American  Chemical  Jmmal,  14,  85. 

t  In  generaUzing  in  regard  to  these  double  halides  we  must  except  the  double 
cyanides,  page  286. 

$  Compare  the  formulae  Al  P  Clg  and  Al  P  O4. 
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the  hydroxide  is  heated;  the  latter  substance,  because  it  is  insoluble 
in  water,  is  precipitated  from  solutions  of  aluminium  salts  by  adding 
ammonia  water: 

Al  Clj  +  3  N  H,  +  3  Hj  O  =  Al  (OH),  +  3  N  H,  CI. 
2  Al  (OH),  =  AI2  O3  +  3  H,  O. 

The  oxide  which  has  been  heated  to  redness,  or  the  naturally 
occurring  crystalline  varieties,  are  insoluble  both  in  acids,  water  or 
solutions  of  the  alkalis;  they  can  be  brought  into  solution  by  fusing 
with  caustic  alkalis.  The  oxide  which  has  not  been  heated  is  both 
basic  and  acidic,  for  it  dissolves  in  acids  to  form  the  salts  of  alum- 
inium and  in  bases  to  form  aluminates. 

Several  hydroxides  are  derived  from  aluminium  trioxide.  The 
first  of  these,  the  normal  hydroxide  Al  (OH),,  is  precipitated  from 
solutions  of  aluminium  salts  by  ammonia  water  or  caustic  alkalis; 
in  using  the  latter  reagents,  however,  care  must  be  taken  not  to  add 
an  excess,  otherwise  solution  of  the  hydroxide  and  the  formation  of 
an  aluminate  take  place.  The  remaining  hydroxides  are  derived 
from  the  normal  compound  by  loss  of  water;  the  most  important  of 
these  is  the  meta-hydroxide,  Al  O2  H,*  wkich  is  found  as  the 
mineral  diaspor.  The  salts  of  this  substance,  formed  by  replacing 
the  hydrogen  with  a  metal,  are  the  types  of  the  important  group  of 
minerals  known  as  the  spinells.  The  spinells  are  a  group  of  isomor^ 
phouB  compounds,  e«h  one  of  which  is  derived  from  a  hydroxide. 

X  \  QXT   in  which  hydroxide  X  can  be  either  trivalent  aluminium, 

iron  or  chromium;  the  hydrogen  of  this  hydroxide  is  replaced  by  a 
divalent  metal,  M'',  so  that  the  general  formula  for  these  minerals 
would  be  M''  (X  O^),;  M''  is  either  divalent  iron,  magnesium,  mang- 
anese or  zinc.  The  typical  spinell  is  the  aluminate  of  magnesium, 
Mg  (Al  Oj)).  When  meta-aluminium  hydroxide  is  dissolved  in 
caustic  alkalies,  the  solution,  unless  it  is  a  very  concentrated  one 
containing  an  excess  of  the  solvent,  probabl]^  contains  the  meta- 
aluminate  of  the  particular  alkali  metal  used; 

A10aH  +  M0H«A10aM  +  H,0. 

In  addition  to  the  ortho  and  meta-hydroxides,  another  hydroxide 
of  aluminium,  -Al^  O^  H^,  is  frequently  met  with  in  the  mineral 

*  OorresponcUng  in  formula  to  metaboric  acid,  B  Ot  H. 
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beaaxite;  this  substance  is  formed  by  the  separation  of  water 
between  two  formula  weights  of  ortho-aluminium  hydroxide  (see 
page  296). 

The  normal  hydroxide  of  aluminium,  when  freshly  precipitated,  is 
a  gelatinous  substance  which  readily  dissolves  in  acids  to  form  the 
salts  of  aluminium;  among  these,  perhaps,  the  most  important  are 
the  sulphates. 

Aluminixjm  Stilphatjj:  A1,  (S  O4),  -f  8  H,  O;  formed  by  dissolving  alum- 
inlum  oxide  or  hydroxide  in  sulphuric  acid  and  evax>orating  to 
dryness.  When  heated  it  loses  its  water  of  crystallization  at 
100°,  and  at  red  heat  gives  off  sulphur  trioxide,  leaving  alumi- 
nium oxide  behind:    Al,  (S  O^)^  =  Al,  0,  +  3  S  O,. 

Aluminium  and  Potassium  Sulphate:  Al,  (S  OJi,  K,  S  O4  +  24  H,  O. 
This  substance  is  commonly  known  as  alum.  The  alums  are 
double  salts  composed  of  one  formula  weight  of  the  sulphate 
of  a  monovalent  alkali  metal  or  of  ammonia  combined  with 
the  sulphate  of  a  trivalent  metal,  the  general  formula  being 
M'^^  (S  OJ,,  M,  S  O4  +  24  H,  O.  W^^  can  be  either  alumhi- 
ium,  iron,  chromium  or  one  of  the  rarer  metals  belonging  to 
the  boron  family;  M  can  be  any  one  of  the  alkali  metals,  or 
ammonium.  The  alums  are  all  isomorphous  and  crystallize  in 
in  octahedra  belonging  to  the  regular  system.  They  can  be 
formed  by  evax>orating  to  dryness  a  mixtwre  of  the  solutions 
of  the  sulphates  of  any  on«  of  the  trivalent  metals  mentioned 
and  of  one  of  the  alkalis. 

A  number  of  basic  sulphates  of  aluminium  are  known;  some  of 
these  are  found  in  the  form  of  mineral  deposits.  Several  neutral 
and  basic  phosphates  of  aluminium  occur  in  nature;  perhaps  the 
most  important  of  these  is  wavellite,  2  Al  P  O4,  Al  (O  H),  4*  9  H,  O. 
When  sodium  phosphate  is  added  to  the  neutod  solution  of  an 
aluminium  salt,  the  tertiary  phosphate  of  aluminium,  Al  P  O4,  is 
produced  in  the  form  of  an  insoluble  precipitate;  this  is  changed  to 
a  basic  phosphate  by  bcnling  with  ammonia  water. 

As  has  been  mentioned,  aluminium  is  a  constituent  of  a  very 
large  number  of  silicates,  some  of  which  have  already  been  dis* 
euflsed.  Of  these  the  most  important  is  undoubtedly  the  hydrated 
tertiary  orthosilicate  which  approximately  has  the  composition 
expressed  by  the  formula  H,  Al,  (Si  04)3  -f  H2  O  and  which  is 
known  as  clay  or  kaolin.  This  substance  is  the  result  of  the  disin^ 
tegration  of  feldspar  or  of  rocks  which  contain  a  large  proportion  of 
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that  mineral,  as  some  granites  do;  owing  to  the  destructive  action  of 
the  weather,  the  feldspar  decomposes  into  aluminium  silicate,  silicon 
dioxide  and  the  silicates  of  the  alkali  metals;  the  latter  are  washed 
away,  brought  into  the  soil,  and  there,  after  interacting  with  other 
chemical  constituents  with  which  they  come  in  contact,  they  are  in 
a  proper  condition  to  be  absorbed  by  plants.  The  kaolin  which 
remains  on  the  spot  where  disintegration  occurrs  is,  owing  to  the 
formation  of  silicon  dioxide  during  the  process  of  destruction,  is 
necessarily  mixed  with  that  substance  and  not  infrequently  contains 
mica;  some  clays,  however,  are  washed  to  some  distance  from  their 
place  of  formation  and  there  may  have  'taken  up  the  most  varied 
impurities,  like  the  carbonates  of  calcium  and  magnesium,  the  oxides 
of  iron  and  of  maganese,  quartz  sand  and  other  materials. 

Clay  is  generally  found  in  an  impure  condition,  when  this  is 
pressed  into  molds  and  baked  in  a  kiln,  it  becomes  hard  and  is 
known  as  brick.     Pure  kaolin  is  white  in  color  and  is  used  in  the 
manufacture  of  porcelain,  when  it  is  moist  it  forms  a  very  plastic 
mass.     Kaolin  which  is  entirely  free  from  iron  is  alone  useful  in  the 
manufacture  of  porcelain  because,  as  the  mass  is  heated  to  the  point 
where  it  softens  and  becomes  glassy,  any  foreign  substances  would 
make  themselves  apparent  by  their  color.     The  clay  is  purified  by 
being  agitated  with  water,  when  the  coarser  portion  separates  at  the 
bottom,  the  finer  parts  are  molded   into  forms,  dried,  and  finally 
heated  to  a  red  heat.     This  latter  treatment  makes  the  article  in  the 
process  of  manufacture  strong  but  leaves  it  porous,  in  order  to  finish 
the  same  it  is  covered  with  a  mixture  of  silicon  dioxide,  aluminium 
oxide  and  sodium   carbonate,    which  ingredients  form  an   easily 
fusible  glass,  and  it  is  then  heated  to  a  temperature  at  which  the 
clay  begins  to  soften  and  at  which  the  glazing  has  been  converted 
into  a  coating  of  transparent  glass.     Fayence  is  made  of  clay  of 
somewhat  coarser  structure  than  that  used  in  the  manufacture  of 
porcelain,  the  thickness  of  the  dishes  is  greater  and  the  ware  is  not 
heated  to  a  temperature  high  enough  to  convert  it  into  the  glass-like 
mass  which  forms  porcelain.     Fayence  is  covered  with  a  glaze  which 
is  much  like  that  given  above,  with  the  difference  that  some  lead 
oxide  is  added.     Common  stone  ware  is  made  from  day  .which  is 
even  more  impure  than  that  from  which  fayence  is  prepared,  the 
glazing  is  either  put  on  by  covering  the  ware  before  burning  with 
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the  mixture  to  be  used,  or  it  is  made  by  throwing  common  salt  on 
the  utensils  while  they  are  being  heated  in  the  furnace;  the  salt 
evaporates,  comes  in  contact  with  the  surface  of  the  materials  used 
and  covers  it  with  a  fusible  soda  glass. 

But  one  sulphide  of  aluminium,  with  a  formula  Alg  Sg,  corre- 
sponding to  the  oxide,  is  known.  This  compound  can  be  produced 
by  heating  a  mixture  of  powdered  aluminium  and  sulphur  but,  like 
many  sulphides  of  the  not-metals,  it  is  readily  decomposed  by  water, 
yielding  the  hydroxide  of  aluminium  and  hydrogen  sulphide : 

AI2  S3  +  6  Ha  O  =  2  Al  (0H)3  +  3  H2  S; 

from  this  it  follows  that  when  an  alkaline  sulphide  is  added  to  a 
solution  of  an  aluminium  salt,  aluminium  hydroxide  is  precipitated, 
so,  for  instance,  the  following  reaction  takes  place  between  alumin- 
ium sulphate  and  ammonium  sulphide : 

3  (NHJa  S  +  AI2  (S0,)3  +  6  H2  O  =  2  Al  (0H)3  +  3  (NHJ^  SO, 

+,3H3S. 

A  similar  reaction  takes  place  when  a  soluble  carbonate  is  added  to 
the  solution  of  an  aluminium  salt  for,  owing  to  the  extreme  insta- 
bility of  aluminium  carbonate,  the  hydroxide  and  not  the  carbonate 
is  precipitated: 

3  (NH,)2  CO3  +  Alj  (S.OO3  +  6  H,  O  =  2  Al  (0H)3  +  3  (NH,)^ 

SO,  +  3  H2  O  +  3  CO2. 

All  of  the  reactions  which  have  just  been  mentioned  illustrate 
the  weakly  basic  character  of  aluminium  oxide  and  hydroxide  and 
show  the  close  relationship  existing  between  aluminium  and  the  not- 
metals. 
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CHAPTER  XLIX. 


GALLIUM,  INDIUM  AND  THALLIUM. 

Gallium,  Symbol  Oa,  atomic  weight  69;  Indium,  Symbol  In,  atamie 
weight  113.7;  Thallium,  Symbol  Tl,  atomic  weight  204,18. 

Gallium,  indium  and  thallium  are  very  sparingly  represented  in 
nature,  they  are  of  scarcely  any  commercial  importance  so  that  the 
interest  in  them  is  purely  theoretical  in  its  character  and  is  taken 
because  they  complete  the  family  of  elements  of  which  boron  and 
aluminium  are  the  chief  representatives. 

Gallium  was  discovered  by  Lecocq  de  Boisbaudran  in  zinc- 
blende.*  The  metal  is  hard,  brittle  -and  crystalline  in  its  structure; 
it  is  scarcely  malleable  or  ductile,  it  melts  at  30.15^  and  is  not 
volatile  even  at  a  high  temperature;  its  specific  gravity  is  5.9.  The 
metal  scarcely  oxidizes  when  exposed  to  the  air,  and  it  is  readily 
obtained  by  electrolysis  of  a  solution  of  the  oxide  in  alkalis;  it  decom- 
poses steam  and  liberates  hydrogen  (see  page  29);  like  aluminium, 
it  is  soluble  in  hot,  caustic  alkalis.  The  chief  characteristics  of 
the  compounds  of  gallium  are  given  in  the  following  table: 

Oxides,  Ga  O,  Gas  O,.  The  former  is  the  least  stable  of  the  oxides,  it  is 
basic;  the  latter  is  white,  infusible;  reduced  to  the  metal  at 
white  heat  by  a  current  of  hydrogen.  It  is  both  basic  and 
acidic,  but  dissolves  only  in  the  most  concentrated  caustic 
alkalis. 

Htdboxide,  Ga  (OH)^  formed  by  precipitating  the  solutions  of  soluble 
gallium  salts  with  ammonia  water,  it  is  somewhat  soluble  in  an 
excess  of  the  reagent.  AYhen  heated,  the  hydroxide  readily 
loses  water  and  forms  the  oxide. 

Chlorides,  Ga  CI3,  Ga  CI,.  The  former  is  a  solid  which  melts  at  164^ 
and  boils  at  535°;  its  vapors  have  a  specific  gravity  which  corre- 
spends  to  a  molecular  weight  represented  by  the  formula 
Ga  CI3.  The  latter  was  formerly  supposed  to  have  the  formula 
Gag  Cle  (see  page  323),  but  recent  determinations  of  the  specific 

*  Zinc  sulphide,  Zn  8. 
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gravity  of  the  vapors  of  gallium  trichloride  shows  that  body  to 
have  a  molecular  weight  corresponding  to  the  formula  Ga  CI,* 
at  440°.  The  trichloride  melts  at  76.6*»  and  boils  at  216''  to  220°. 
It  dissolves  in  water,  but  when  the  solution  is  evaporated  it  is, 
in  part,  changed  into  the  basic  chloride,  just  as  was  the  case 
with  the  trichloride  of  antimony  (page  242). 

The  Salts  of  Gallium  are  produced  by  dissolving  the  hydroxide  in  the 
various  acids,  the  sulphate,  when  evaporated  with  the  sulphates 
of  the  alkali  metals  or  of  ammonium  forms  alums.  (See 
page  327). 

The  discovery  of  gallium  in  1875  was  of  especial  interest  because, 
in  the  periodic  system  of  the  elements  as  arranged  by  MendelejefP  a 
few  years  previous  to  that  time,  an  element  belonging  to  the  family 
of  which  aluminium  is  a  representative  was  found  to  be  missing.f 
An  element  the  chemical  and  physical  properties  of  which  should 
lie  between  those  of  aluminium  and  indium,  and  which  would  have 
an  atomic  weight  of  approximately  69,  was  therefore  predicted  by 
Mendelejeff ,  and  this  prediction  was  subsequently  brilliantly  verified 
by  Lecocq  de  Boisbaudran. 

The  next  element  of  this  family  is  indium.  Like  gallium  it 
occurs  in  some  specimens  of  zinc-blende.  The  element  was  discovered 
in  1863  by  Reich  and  Richter.  It  is  white,  with  a  metallic  lustre 
lying  between  that  of  platinum  and  silver;  it  is  softer  than  lead  and 
is  very  malleable  and  ductile.  Its  specific  gravity  is  7.1;  it  melts 
at  176®  and  it  is  somewhat  volatile  at  red  heat;  when  heated  to 
redness  in  the  air,  it  bums  to  form  luj  O,.  The  chief  properties  of 
its  compounds  are  given  in  the  following  table: 

Oxides,  In  O  and  In,  O,.  The  former  is  made  by  reducing  the  trioxide 
in  a  current  of  hydrogen;  it  burns  in  the  air  to  form  In,  Og.  The 
trioxide,  In,  0„  is  the  most  stable  oxide  of  indium,  and  is  the 
one  corresponding  to  the  typical  oxide  of  the  family;  it  is  pro- 
duced when  indium  is  burned  in  the  air  or  when  the  hydroxide 
In  (O  H),  is  heated;  this  latter  substance  is  obtained  by  precipi- 
tation from  solutions  of  indium  salts  by  means  of  ammonia 
water.  The  oxide  is  easily  reduced  to  the  metal  by  heating  the 
same  in  a  current  of  hydrogen,  the  monoxide  appearing  as  an 
intermediary  stage  in  this  reduction.  The  trioxide  and  the  cor- 
responding hydroxide  are  mainly  basic  in  their  character;  they 

*  NUsson  and  Petterson,  Comptes  rendus  107, 572. 

t  A  similar  gap  was  found  to  exist  In  the  cai^on  family;  this  was  subsequently 
filUed  by  the  dlsoovety  of  germanium  (see  page  208.) 
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dissolve  in  acids  to  form  the  salts  of  indium;  they  are,  however, 
also  weakly  acidic ,  for  they  are  dissolved  by  the  hydroxides  of 
potassium  or  sodium. 

Halooene  Compounds,  In  CI,,  In  Clj.  The  latter  is  formed  by  the  action 
of  chlorine  on  indium;  it  sublimes  at  440°  without  melting;  its 
vapor  density  corresponds  to  a  molecule  of  the  formula  In  CI,; 
it  dissolves  in  water  without  change,  but  on  heating  the  solution 
hydrochloric  acid  passes  off  and  a  basic  chloride  is  formed. 
Indium  chloride  readily  unites  with  the  chlorides  of  the  alkali 
metals  to  produce  double  salts  corresponding  in  formula  to 
those  of  aluminium  (see  page  325). 

Sulphide,  In,  Sj,  formed  by  direct  union  of  indium  and  sulphur  at  red 
heat.  A  sulphohydrate  of  indium,  In  (S  H)3,  is  precipitated 
from  neutral  or  weakly  acid  solutions  of  indium  salts  by  hydro- 
gen sulphide;  in  this  respect  the  character  of  indium  approaches 
that  of  the  most  pronounced  metals  of  the  preceding  (carbon) 
family. 

The  Sulphate  of  Indium,  when  evaporated  with  the  sulphate  of  an 
alkali  metal  or  of  ammonium,  produces  an  alum  (see  page  327). 

Thallium,  the  element  having  the  highest  atomic  weight  in  this 
family,  was  discovered  by  Crookes  in  1861,  that  investigator  finding 
V  it  in  the  residues  covering  the  floors  of  the  channels  of  certain  sul- 
phuric acid  works;  since  that  time  it  has  been  discovered  in  zinc- 
blende,  iron  pyrites  and  copper  pyrites.  The  metal  is  white,  of 
crystalline  structure  and  greatly  resembles  tin ;  it  is  malleable  and 
ductile,  has  a  specific  gravity  of  11.9,  melts  at  290°  and  boils  at  a 
white  heat.  Thallium  is  readily  oxidized  in  the  air  and  disstdves  in 
sulphuric  or  nitric  acid  without  much  difficulty.  The  high  atomic 
weight  of  thallium  is  unfavorable  to  the  expression  of  a  very  pro- 
nounced chemical  character  so  that,  as  is  the  case  with  lead,  it 
appears  with  a  number  of  oxides  ^yhich  each,  individually,  resemble 
a  different  group  of  elements;  for  instance,  the  monoxide  TLj  0  is 
in  its  chemical  behavior  very  much  like  the  oxides  of  the  mono- 
valent elements  of  the  alkali  family,  while  the  trioxide  TLj  O3  falls 
into  line  with  the  similar  compounds  of  the  aluminium  group.  The 
characteristics  of  the  most  important  thallium  compounds  are  given 
below. 

Oxides,  Tl,  O,  Tl,  O,,  Tl  Oj.  The  first,  thallium  monoxide  or  thallous 
oxide  is  formed  by  the  slow  oxidation  of  the  metal  in  the  air, 
it  is  a  brownish  black  powder,  which  is  soluble  in  water j  forming 
the  hydroxide   Tl  OH,  this  remarkable  solubility  shows  the 
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resemblance  between  this  oxide  and  the  oxides  of  the  alkali 
metals,  for  the  latter  are  likewise  soluble  in  water;  a  solution 
of  thallous  hydroxide  has  a  strongly  alkaline  reaction,  it  neu- 
tralizes acids  to  form  salts  which,  for  the  most  part,  are  soluble 
in  water,  (resemblance  to  the  salts  of  the  alkalis,  see  latter). 
Thallium  trioxide,  thai  lie  oxide,  formed  by  heating  thallium  to 
a  red  heat  in  oxygen,  is  insoluble  in  water,  the  hydroxide  Tl  Oj  H 
is  formed  by  precipitating  from  a  solution  of  a  thallium  salt  by 
means  of  ammonia  water,  neither  the  oxide  nor  hydroxide  have 
acidic  properties;  both  are  oxidizing  agents,  having  a  great  ten- 
dency to  change  into  thallous  oxide,  a  higher  oxide  of  thallium, 
Tl  Oj,  so-called  thallic  acid,  is  also  said  to  exist. 

GHI.ORIDES,  Tl  CI,  Tl  Clj.  The  first,  thallous  chloride,  is  insoluble  in 
water,  is  precipitated  from  solutions  of  t*hallous  salts  by  hydro- 
chloric acid  and  very  much  resembles  the  chloride  of  silver  in 
appearance.  (A  larger  work  must  be  consulted  for  a  descrip- 
tion of  the  thallous  salts).  The  trichloride,  Tl  CI3,  formed  by 
treating  thallium  with  chlorine,  is  decomposed  into  thallous 
chloride  and  chlorine  when  heated.  Two  sulphides  of  thallium, 
Tl,  S  and  Tl,  S,  are  known. 
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CHAPTER  L. 


THE   DETERMINATIOX   OF   ATOMIC   WEIGHTS.      DULOXG 
AND  PETIT'S  LAW.    THE  LAW  OP  ISOMORPHISM. 

The  investigations  into  the  gravimetric  composition  of  chemical 
compounds,  which  were  undertaken  at  the  beginning  of  the  century 
and  which  finally  developed  the  laws  of  definite  and  multiple  pro- 
portions, succeeded  not  only  in  establishing  these  purely  empirical 
Jaws  but,  as  the  spirit  of  inquiry  in  man  leads  him  to  seek  a  cause 
behind  every  regularly  recurring  phenomenon  or  law,  naturally  an 
explanation  for  the  laws  of  definite  and  multiple  proportions  was 
looked  for  and,  as  we  have  seen,  found  in  the  atomic  hypothesis. 
In  spite  of  the  subsequent  almost  universal  acceptance   of  these 
laws,  some  chemists  continued  to  doubt  their  exactness,  indeed,  the 
gravimetric  determinations  of  Dalton's  time  were  too   unsatisfac- 
tory and  varying  to  inspire  much  confidence;  when,  at  a  later  date,. 
Berzelius  subjected  the  work  which  had  been  done  with  the  purpose 
of  establishing  the  laws  relating  to  the  definite  composition  of  matter^ 
to  a  more  exact  revision  and  so  became  a  firm  believer  in  their  exist- 
ence, no  adequate  reason  for  their  non-acceptance  by  other  chemists 
could  be  advanced  but,  when  the  subsequent  discovery  of  an  error 
in  Berzelius 's  determination  of  the  relative  weight  with  which  car- 
bon enters  into  combination  with  other  elements,  shook  confidence 
in  all  of  the  established  rules,  the  atomic  theory  was  left  in  a  most 
unsatisfactory  condition,  and  it  was  not  until  1860  that  the  pains- 
taking and  accurate  work  of  Stas  succeeded  in  showing  that  the  laws 
of  definite  and  multiple  proportions  are  not  merely  approximate 
but  are,  in  reality,  mathematically  exact.      However,  the  atomic 
hypothesis  had  existed  in  its  present  form  before  Stas's  time,  and  it 
naturally  was  the  endeavor  of  chemists  to  determine,  not  only  the 
more  fact  that,  for  instance,  a  parts  by  weight  of  chlorine  always 
unite  with  b  parts  by  weight  of  silver,  they  also  endeavored,  as  we 
have  »een  in  the  preceding  portions  of  the  work,  by  calling  to  their 
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aid  various  hrpotheses  and  theories  of  greater  or  less  plausibility,  to 
fix  exactly  the  relative  weights  of  the  atoms  of  silver  and  chlorine; 
these  atomic  weights  must  necessarily  bear  such  a  relationship  to 
each  other  that,  in  uniting  to  form  silver  chloride,  they  would  always 
produce  that  substance  with  the  proportion  of  a  parts  by  weight  of 
chlorine  to  6  of  silver.  As  we  have  seen  (page  39)  gravimetric 
determinations  alone  can  do  no  more  than  give  the  relative  parts  by 
weight  with  which  two  or  more  substances  unite  to  form  a  chemical 
compound;  thus,  in  studying  the  composition  of  water  by  weight, 
we  could  but  determine  that  eight  parts  by  weight  of  oxygen  unite 
with  one  part  of  hydrogen;  it  was  only  after  chemists  combined  the 
lesson  taught  by  the  gravimetric  composition  of  water  with  the 
phenomena  attendant  on  its  formation  and  decomposition,  i,  e.,  with 
the  facts  that  two  volumes  of  hydrogen  always  unite  with  one  vol- 
ume of  oxygen  to  form  water  and  that  water,  when  decomposed, 
always  yields  two  volumes  of  hydrogen  and  one  of  oxygen,  and 
after  these  experimental  facts  were  explained  by  Avogadro's  hypo- 
thesis (page  66  and  sub.)  that  the  conclusion  was  definitely  reached 
that  each  molecule  of  water  is  in  reality  composed  of  two  atoms  of 
hydrogen  united  to  one  of  oxygen,  by  reason  of  which  conclusion 
the  atomic  weight  of  oxygen  was  fixed  at  16  and  not  at  8. 

As  has  been  repeatedly  mentioned,  the  determinations  of  the 
specific  gravities  of  gases,  provided  we  accept  Avogadro*s  hypothesis, 
give  us  the  magnitudes  of  their  molecular  weights  and,  when  these 
are  fixed,  provided,  in  each  case  the  accurate  stoichiometric^  composi- 
tion of  the  substance  in  question  is  known  f  we  can  determine  the 
maximum  atomic  weights  of  the  elements  entering  into  the  structure 
of  the  molecules  of  the  various  gases.  (See  page  69).  The  follow- 
ing table,  which  illustrates  the  method  by  which  maximum  atomic 
weights  are  determined  from  a  comparison  of  the  vapor  densities  of 

*The  relative  proportions  by  weigbt  in  which  substances  unite  to  form  chemical 
compounds  are  called  the  stoichiometric  quantities. 

tit  is  evident  that  the  determination  of  the  vapor  density  of  a  substance  is  of  no 
value  unless  the  stoichiometric  composition  is  known.  For  instance,  it  is  of  no  influence 
on  the  determination  of  the  atomic  weight  of  nitrogen  to  determine  the  specific  gravity 
of  ammonia  and  find  this  to  be  .689,  so  that  the  molecular  weight  would  be  17,  we  must 
also  know  that  this  17  parts  by  weight  of  ammonia  contains  14  parts  of  nitrogen; 
when,  however,  the  two  faets  are  combined,  we  can  say  that  the  atomic  weight  of 
nitrogen  cannot  be  more  than  14,  for  we  then  know  of  a  substance,  the  molecular  weight 
of  which  is  not  greater  than  17,  which  contains  but  14  parts  of  nitrogen. 
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gases,  will  serve  to  more  clearly  fix  the  method  in  the  mind  of  the 
pupil. 


Name  of  gas. 


Nitric  oxide. 
Nitrogen  dioxide. 
Phosphorus  trichloride. 
Phosphorus  tri-lodide. 
Hydrochloric  acid. 
Hydroiodic  acid. 
Water 
Sulphur  dioxide. 


(2. 

d  X28.8 

M. 

1.039 

30. 

30.03 

1.50 

433 

46.03 

488 

140.9 

137.35 

14.46 

417.1 

411.55 

1.247 

36. 

36.457 

4.443 

128. 

127.857 

0.623 

1799 

18014 

2.247 

64.0 

64.06 

Analysis  by  weight. 


14.03  nitrogen 

14.03       " 

31  phosphorus 

31 

1.007  hydrogen 

1.007 

2.014 

32.06  sulphur 


+  16  oxygen. 
+  32       '* 
+  106.35  chlorine. 
+  380.55  iodine. . 
+  35.45  chlorine 
+  126.85  iodine. 
+  16  oxygen. 
+  32  oxygen. 


In  this  table  d  is  the  specific  gravity,  air  =  1 ;  d  x  28.8  is  the  specific  gravity, 
H  =  2;*  Jf  is  the  molecular  weight,  found  by  adding  the  figures  given  in  the  last 
column. 

After  a  study  of  the  above  table  we  can  see  that,  were  chlorine, 
for  example,  to  occur  in  but  one  compound,  and  that  one  the 
trichloride  of  phosphorus,  evidently  the  atomic  weight  of  the  ele- 
ment would  be  placed  at  a  maximum  of  106.35;  it  could  be  no 
greater,  for  the  molecular  weight  of  the  chloride  of  phosphorus  is 
known.  However,  if  we  glance  further  down  the  column,  we  dis- 
cover hydrochloric  acid  with  a  molecular  weight  of  36.457;  each 
molecule  of  this  contains  but  35.45  parts  by  weight  of  chlorine;  it 
follows  therefore  that  the  weight  of  106.35,  which  is  the  amount  of 
chlorine  contained  in  the  chloride  of  phosphorus,  really  represents 
three  atoms  of  chlorine ,  provided  the  molecule  of  hydrochloric  acid 
contains  but  one  of  these.  The  number  35.45  must  therefore  be 
fixed  upon  as  the  atomic  weight  of  chlorine,  and  must  remain  so, 
unless,  at  some  future  time,  we  were  to  discover  a  compound  of 
chlorine,  the  molecular  weight  of  which  is  known  and  which  con- 
taius  less  than  this  quantity.  In  the  latter  event,  a  molecule  of 
hydrochloric  acid  would  necessarily  contain  more  than  one  atom  of 
chlorine.  Similar  considerations  will  help  us  to  select  the  num- 
ber 126.85  as  representing  the  atomic  weight  of  iodine,  while  a 
comparison  of  the  figures  in  the  table  given  above  will  further 
show  us  that  by  means  of  the  determinbtions  even  of  the  very 
few  substances  mentioned  there,  the  maximum  atomic  weights  of 
nitrogen,  phosphorus,  sulphur,  oxygen,  chlorine  and  iodine  are 
given.     These  same  methods  of  investigation  have  been  applied  in 


*  The  specific  gravity  of  air.  H  =  2,  is  28.8,  hence  specific  gravities  taken  with 
air  as  unity  are  converted  to  these  with  H  =  2  by  multiplying  wth  28.8. 
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every  case  where  the  study  of  elements  and  compounds  in  the 
gaseous  state  has  been  possible,  so  that  the  maximum  atomic  weights 
of  tlie  greater  number  of  elements  have  been  ascertained  with 
reasonable  certainty. 

The  determination  of  the  specific  gravities  of  gases,  although  by 
far  the  most  important,  is  not  the  only  method  for  ascertaining 
molecular  weights.  In  1882,  F.  M.  Raoult  demonstrated  that 
aqueous  solutions  of  organic  substances,  provided  they  contain  the 
dissolved  compounds  in  quantities  proportional  to  their  molecular 
weights,  have  identical  freezing  points,  and  subsequently  the  same 
law  was  found  to  hold  good  for  other  substances  as  well,  although 
the  amount  of  depression  differs  for  each  solvent.  If  J  is  the  lower- 
ing of  the  freezing  point  of  a  solvent,  brought  about  by  the  solution 
of  n  molecular  weights  of  a  certain  substance  in  g  grams  of  the^ 
solvent  then  V 

1  A  ^ 

9 

where  r  is  a  constant  depending  only  on  the  nature  of  the  solvent. 
When  the  molecular  weight  of  the  substance  is  not  known,  this  can 
be  ascertained  by  experimentally  determining  the  lowering  of  the 
freezing  point  of  the  solvent  brought  about  when  p  grams  of  the 

M 

substance  are  dissolved  in  g  grams  of  that  solvent  for  then  n  =  — , 

where  M  is  the  molecular  weight,  so  that  equation  1,  becomes: 

2.     ^=^,or, 


Z.    M - 


_  r  p 


^9 


The  constant,  r,  can  be  determined  once  and  for  all,  for  any 
given  solvent,  by  dissolving  one  or  two  substances  of  known  mole- 
cular weight  therein,  and  observing  the  depression  of  the  freezing 
point  for,  from  equation  1, 

n. 

The  objection  to  this  method  of  determining  molecular  weights 

lies  in  the  fact  that  it  is  applicable  only  in  the  limited  number  of 
22 
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cases  where  substances  are.  soluble  in  a  medium  which  is  capable  of 
being  frozen  at  a  convenient  temperature  while,  furthermore,  the 
law  has  not  held  good  in  a  number  of  cases  which  have  been 
observed.  The  application  of  this  method  is^  nevertheless,  very 
valuable  to  confirm  molecular  weights  determined  by  some  other 
means,  and  to  ascertain  the  same  in  many  cases  where  the  determin- 
ation of  the  specific  gravities  of  gases  is  impracticable.  Similar 
methods,  based  upon  the  lowering  of  the  vapor  pressure  of  solutions 
by  reason  of  dissolved  substances,  have  also  been  applied  to  the 
determination  of  molecular  weights,  for  their  study  the  pupil  must 
refer  to  some  text-book  more  especially  devoted  to  these  subjects.* 
The  atomic  weights  which,  by  the  application  of  Avogadro's 
hypothesis  (page  66)  and  the  determinations  of  the  vapor  densities 
of  elementary  and  compound  substances,  have  been  selected  as  those 
which  really  represent  the  relative  weights  of  the  individual  acorns, 
would  be  much  more  worthy  of  confidence  if  other  physical  meas- 
urements would,  when  correctly  interpreted,  indicate  that  this 
selection  had  been  properly  made.  Such  an  aid  is  found  in  the 
application  of  a  law  discovered  by  Dulong  and  Petit  in  the  early 
part  of  this  century.  Those  two  investigators  proved  that  the 
greater  the  combiniug  weight  of  any  given  element  was  found  to 
be,  the  less  was  the  specific  heat  (capacity  for  heat)  of  that  element 
in  the  solid  form,  so  that  the  product  of  the  combining  weight  of  any 
given  element  and  its  specific  heat  was  found  to  be  very  nearly  equal 
to  the  sam^  product  for  any  other  elemsnt.  This  law  is  susceptible 
of  a  very  simple  physical  explanation.  The  specific  heat  of  a  body 
is  the  quantity  of  heat  necessary  to  increase  the  temperature  of  the 
unit  weight  of  that  body  by  1°,  it  follows  that  the  product  of  the 
specific  heat  and  the  combiniug  weight  of  an  element  represents 
the  quantity  of  heat  necessary  to  warm  that  weight  through'  1°,  if  we 
select  as  the  combining  weights  of  the  elements  those  numbers  which, 
by  using  Avogadro^s  hypothesis^  we  have  decided  upon  as  being  the 
atomic  weights,  then  the  above  mentioned  product  is  very  nearly 
6.4  in  the  great  majority  of  cases;  this  product  can  be  termed  the 
'<  atomic  heat"  of  the  elements  so  that  Dulong  and  Petit's  kw 
assumes  the  following  simple  form : 

*08twstld,  Outlines  of  General  Chemistry,  Walker's  translation. 
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The  atomic  heats  (capacities  for  heat  of  the  individual  atoms) 
of  all  elements  are  very  nearly  equal.* 

This  law  is  without  exception  with  all  true  (ductile)  metals,  is 
true  for  almost  all  metals  which,  like  antimony  or  tin,  also  have  not- 
metallic  properties  (which  are  brittle  but  which  have  metallic  lustre) 
and  also  holds  good  for  the  greater  number  of  not-metals.  A  few 
examples,  will  serve  as  an  illustration. 


Element. 

c. 

a. 

a.  C. 

• 

Lithium. 

.941 

7.02 

6.6 

In  this  table. 

i 

Magnesium. 

.250 

,    24.3 

6.07 

c  =  specific  heat. 
a=  atomic  weight 

Chromium. 

.121 

62.1 

6.3 

Iron. 

.114 

56. 

.6.38 

ac  =  atomic  heat. 

Cobalt, 

.107 

59. 

6.3 

Nickel. 

.106 

68.7 

6.3 

Bromine. 

.084 

79.95 

6.7 

Gold. 

.032 

197.3 

6.3 

• 

If  we  are  acquainted  with  an  element,  therefore,  the  maximum 
atomic  weight  of  which  we  have  never  been  able  to  determine  by 
means  of  the  vapor  densities  of  some  of  its  compounds,  we  can,  as  a 
next  resort,  select  as  its  true  atomic  .weight  that  stoichiometric 
quantity  which,  when  multiplied  by  the  specific  heat  of  the  element 
in  question,  will  give  us  a  number  approximately  equal  to  6.4.  Of 
course,  were  no  method  for  fixing  atomic  weights  as  valuable  as  that 
given  us  by  the  determinations  of  the  specific  gravities  of  the  gases 
available,  this  law  of  Dulong  and  Petit  would  lead  to  no  definite 
results;  for  it  is  obvious,  when  we  consider  the  above  table,  that 
were  we  to  select  as  atomic  weights  numbers  exactly  one-half  as 
large  as  those  given  above,  the  product  a.  c.  would  still  remain  con- 
stant and  would  be  approximately  equal  to  3.2,  so  that  only  when, 
by  the  use  of  other  physical  and  chemical  means,  we  have  definitely 
decided  that  in  the  case  of  a  number  of  elements  that  product  must 
be  6.4  and  not  3.2,  then  it  follows  that  in  all  undetermined  cases 

6.4 
the  atomic  weights  must  be  nearly  equal  to  the  quotients  of  — . 

c 

Naturally,  the  numbers  so  obtained  are  not  the  exact  atomic  weights; 

they  can  only  be  close  enough  to  the  true  numbers  to  show  that  the 

atomic  weights  to  be  selected  are  not  one-half  or  twice  or  three  times 

*For  a  more  extended  exposition  of  the  results  obtained  by  Dulong  and  Fetit's 
law,  see  Lothar  Meyer,  Die  Grundziige  der  Theoretischen  Chemie,  Leipzig,  1890. 
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the  stoichiometric  quantities  which  come  closest   to  those  indicated 
by  dividing  6.4  by  the  respective  specific  heats. 

The  few  marked  exceptions  to  Dulong  and  Petit's  law  are  not 
calculated  to  give  any  great  difficulty  for,  in  the  cases  where  they 
occur,  the  elements  in  question  form  a  number  of  gasifiable  com- 
pounds, and  consequently  there  is  no  reason  why  the  specific 
gravities  of  these  compounds  should  not  definitely  fix  their  maximum 
atomic  weights.  One  example  of  such  an  exception  will  serve  to 
illustrate  this  conclusion.  The  chemical  equivalent  weight  of  car- 
bon is  3,*  its  specific  heat  as  diamond  is  1.47,  as  graphite  1.98. 
The  atomic  weight  of  carbon  must  be  some  rational  multiple  of  its 
equivalent  weight  so  that,  according  to  the  rule,  we  must  select 
a  number  as  the  atomic  weight  of  carbon  which,  being  a  rational 
multiple  of  the  equivalent  weight,  will,  when  multiplied  by  the 
specific  heat  of  carbon,  give  a  product  approximately  equal  to  6.4. 
This  product  is  reached  in  the  case  of  diamond  when  we  take 
fourteen  times  the  equivalent  weight,  and  therefore  it  would  follow 
that  the  atomic  weight  of  carbon  is  42;  in  the  case  of  graphite, 
however,  we  would  come  to  a  different  result,  for  then  a.  c  =  6.5 
when  a  =  33.  These  atomic  weights  are  entirely  impossible,  how- 
ever, for  we  are  acquainted  with  a  number  of  carbon  coippounds 
in  which  (the  vapor  density  and  hence  the  molecular  weight 
being  known)  we  have  only  12  parts  by  weight  of  carbon,  so  that 
there  remains  no  alternative  but  to  believe  that  carbon  presents  an 
exception  to  Dulong  and  Petit's  law.  However,  the  specific  heat 
of  carbon  is  much  greater  at  high  temperatures  than  it  is  at  low 
ones,  at  900°  it  is  .459  (a.  c  would  then  be  equal  to  to  5.51).  so  that 
at  a  white  heat  carbon  would  probably  follow  Dulong  and  Petit's 
law.  These  facts  make  it  apparent  that  specific  heat  determinations 
are  of  no  value  in  the  selection  of  atomic  weights  unless  they  are 
made  through  large  intervah  of  temperature,  and  are  then  found  to 
be  constant.  Boron,  silicon,  beryllium,  phosphorus  and  sulphur 
have,  like  carbon,  very  small  specific  heats.    These  elements,  which 

*  By  the  chemical  eqaivalent  weight  of  an  element  is  meant  that  quantity  of 
the  element  which  will  enter  into  combination  with  one  part  by  weight  lone  atom) 
of  hydrogen  or  which  will  take  the  place  of  one  atom  of  hydrogen  in  a  chemical 
compound.  The  equivalent  weight  of  carbon  is  3,  because  three  parts  by  weight  of 
carbon  unite  with  one  of  hydrogen.  The  atomic  weight  of  carbjn  is  4xH  =  12,  for 
the  simplest  hydrogen  compound  of  carbon  is  C  H4. 
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are  exceptions  to  Dulong  and  Petit 's  law,  have  small  atomic  weights 
and  are,  all  but  beryllium,  not-metals. 

Dulong  and  Petit's  law  is  applicable  in  other  cases  besides  those 
in  which  the  specific  heats  of  solid  elements  are  to  be  considered,  for 
as  the  capacity  for  heat  of  a  solid  compound  is  very  nearly  equal  to  the 
sum  of  the  capacities  of  its  constituent  parts,  it  is  evident  that  in 
many  cases  the  individual  atomic  heats  can  be  obtained  by  a  deter- 
mination of 'the  specific  heats  of  compounds.  This  method  is  espe- 
cially useful  in  cases  where  the  elements  themselves  are  not  to  be 
obtained  as  solids;  for  example: 

Silver;  atomic  weight,  107.9;  specific  Ijeat,  .056^  ac  =  604  ., 

Iodine;       "  **        126.8;       "  "       .054;  ac  =  6.8 

The  sum  of  the  atomic  heats  of  silver  and  iodine  =  12.84 

The  observed  specific  heat  of  silver  iodide  is  .061.  This,  multi- 
plied by  the  sum  of  the  atomic  weights  of  silver  and  iodine,  gives 
14.3,  a  number  which  is  but  little  greater  than  the  on^  calculated 
above,  namely  12.84.    The  same  is  the  case  with  silver  bromide,  for: 

Silver;     atomic  weight,  107.9;  specific  heat,  .056;  a  c  =  6.04 

Bromine;      '*  "  79.9;       "  "       .084;  ac  =  6.7 

Calculated  for  Ag  Br  =  12.8 

Silver  bromide;  formula  weight,  187.8;  specific  heat,  .074;  ac  =  13.9 

The  two  examples  given  above  show  us,  therefore,  that  in  the 
case  of  substances  the  formulae  of  which  are  made  up  of  two  atomic 
weights,  the  capacity  for  heat  of  the  formula  weight  of  the  com- 
pound is  very  nearly  equal  to  twic*e  that  of  either  of  the  individual 
atoms,  and  further  investigation  would  demonstrate  that  compounds 
made  up  of  three  atomic  weights  (Pb  Bra  ^^^  ^^  I2)  have  about  three 
times  the  capacity  of  each  individual  atom.  Having  settled,  by 
experimental  evidence,  that  Dulong  and  Petit 's  law  hold's  good  for 
compounds,  all  of  the  constituent  parts  of  which  can  be  obtained  in 
the  solid  state,  we  can  extend  the  method  so  as  to  indirectly  deter- 
mine the  atomic  heats  of  elements  which  are  gases  at  any  tempera- 
ture which  permits  of  a  detailed  study  of  their  properties.  For 
example,  we  wish  to  discover  the  atomic  heat  of  chlorine: 

Silver  chloride;  formula  weight,  143.35;  specific  heat,  .091;  a  c  =  13 
Silver;  atomic  weight,  107.9:       "  **       .056;  ac=   6.04 

Capacity  for  heat  of  35.45  parts  of  chlorine  =    6.96 

The  difference,  6.9,  obtained  as  the  atomic  heat  of  chlorine  is, 
however,  very  close  to  the  average  of  6.4  which  is  found  by  direct 
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obsenration  in  a  large  number  of  solid  elements,  so  that  if  we  regard 
as  the  true  atomic  weight  of  chlorine  the  number  35.45,  which  is 
taken  by  reason  of  a  large  number  of  specific  gravity  determinationB 
of  gaflifiable  chlorine  compounds,  the  atomic  heat  of  that  element 
very  nearly  coincides  with  the  numbers  obtained  by  direct  observa- 
tion on  a  large  number  of  solid  elements,  and  it  therefore  follows 
that  the  maximum  atomic  weight  of  35.45  is  confirmed  by  an  appli- 
cation of  Dulong  and  Petit's  law.  Applications  of  this  method 
with  other  elements  which,  like  chlorine,  have  such  low  melting 
points  that  their  respective  specific  heats  cannot  be  measured  when 
they  are  in  the  solid  state,  have  led  to  like  results,  although  there 
are  a  few  exceptions,  nearly  all  of  which  belong  to  compounds  con- 
taining not-metals  with  small  atomic  weights.* 

Dulong  and  Petit's  law  helps  us  to  confirm  numbers  already 
decided  upon  as  atomic  weights,  and  when  a  decision  has  been 
reached  in  regard  to  a  large  number  of  elements  by  using  some  other 
method  as  a  guide,  it  can  then  help  us  to  determine  which  numbers, 
representing  multiples  or  simple  fractions  of  the  equivalent  weights, 
are  the  true  atomic  weights  of  elements  which  form  no  gasifiable 
compounds  and  which  are  themselves  liot  volatile.  In  no  case  can 
the  law  be  of  assistance  in  determining  molecular  weights. 

A  third  method  which  has  been  of  use  in  determining  the  num- 
bers to  be  selected  as  atomic  weights  has  been  a  study  of  the  laws  of 
isomorphism.  In  1819  Mitscherlich  discovered  that  certain  elements 
can  replace  others  in  chemical  compounds  without  thereby  materially 
altering  the  crystalline  forms  of  those  compounds.  These,  as  well 
as  the  elements  replacing  each  other  in  them,  are  said  to  be  isamor- 
phoua  (see  page  42).  The  replacing  of  one  element  by  another 
always  takes  place  in  definite  stoichiometric  quantities;  for  example, 
in  the  isomorphous  group,  Na  CI,  Na  Br,  Na  I,  35.45  parts  by 
weight  of  chlorine  are  always  replaced  by  80  parts  of  bromine  and 
126.85  parts  of  iodine,  and  it  is  very  evident  that,  provided  the 
atomic  weight  of  one  of  these  elements  has  been  decided  upon  by  some 
other  method,  the  atomic  weights  of  the  others  will  be  given  by  the 
stoichiometric  quantities  which  replace  that  element  without  altering 
the  crystalline  farm,  provided  that  in  isomorphous  mixtures  elem^ents 

*  Compounds  of  hydrogen,  nitrogen,  fluorine,  oxygen. 
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replcLce  each  other  atom  for  atom,  and  this  is  the  case  with  the  vast 
majority  of  isomorphous  compounds.*  This  method  for  determining 
atomic  weights  becomes  very  far  reaching  when  we  consider  that  the 
same  element  may  belong  to  two  or  three  isomorphous  groups  of 
compounds,  so  that  when  a  decision  as  to  the  atomic  weights  of  the 
elements  in  one  of  these  groups  has  been  arrived  at,  we  can  then 
cross  over  to  another  and  perhaps  in  that  one  discover  an  element 
which  also  belongs  to  two  or  three  new  isomorphous  groups,  and  so 
on.  It  follows,  therefore,  that  the  selection  of  the  atomic  weight  of  an 
element  according  to  some  other  method  may  lead  to  the  determination 
of  the  atomic  weights  of  a  large  number  of  others.  For  example, 
the  atomic  weight  of  zinc,  obtained  by  a  determination  of  the  vapor 
density  of  some  of  the  compounds  of  that  element  which  can  be 
studied  as  gases,t  has  been  placed  at  65.3.  This  proportional  part 
by  weight  of  zinc  when  crystallized  in  the  sulphate  is,  however, 
replaced  by: 

58.7  parts  of  nickel;  56  parts  of  iron; 

59.        **     **  cobalt;  55      **     **  manganese  and 

24.3  parts  of  magnesium. 

Iron,  manganese  and  magnesium  are  further  isomorphous  with 
40  parts  of  calcium  on  the  one  hand  and  with  27  parts  of  aluminium 
and  52.1  parts  of  chromium  on  the  other.  Now,  40  parts  of  calcium 
can  replace  87.6  parts  of  strontium,  137  parts  of  barium  and  206.95 
parts  of  lead,  so  that  the  selection  of  the  maximum  atomic  weight  of 
zinc  can  bring  about  the  determination  of  a  large  number  of  other 
atomic  weights.  In  using  the  law  of  isomorphism  one  fact  must, 
however,  be  bom  in  mind,  namely,  a  number  of  instances  are 
known  in  which  groups  of  atoms  can  replace  individual  atoms  iso- 
morphously,  as  is  the  case  with  ammonium  and  potassium  salts,  where 
the  radicle  NH4  takes  the  place  of  the  atom  K,  and  if  this  can  be 
true  of  ammonium  and  potassium  it  is  without  doubt  true  of  a  large 

•  Mere  simUarity  or  even  identity  of  crystaUine  form,  even  where  two  bodies 
showing  such  similarity  or  Identity  are  similarly  constituted,  does  not  mean  t/uit  fTie 
bodies  in  question  are  isomorphous.  In  order  to  conform  with  the  laws  of  isomorphism 
they  must  be  able  to  replace  each  other  without  thereby  materiaUy  altering  the 
form  of  the  crystal.  Such  isomorphous  compounds  are  the  alums  (page  327),  the 
vitrols  (see  magnesium?,  the  calcite  and  arragonlte  grotips  of  cftrl$0hates~  (ge^ 
page  281). 

f  For  example,  zinc  ethyl.  Zn  (G2  H6)f 
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mental  facts  have  been  considered,  the  maximum  atomic  weights 
which  are  selected  by  the  method  brought  about  by  Avogadro's 
hypothesis  have  been  universally  accepted  as  the  basis  of  our 
present  system.  This  solution  seems  to  be  the  correct  one  when  we 
remember  that  only  these  atomic  weights,  when  arranged  in  order, 
beginning  with  that  belonging  to  the  element  with  least  atomic 
weight  and  ending  with  that  with  the  greatest,  form  a  natural  system 
in  which  elements  with  similar  properties  recur  after  stated  intervals. 
This  arrangement,  known  as  the  periodic  system  of  the  elements, 
will  be  discussed  in  the  next  chapter. 
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CHAPTER  LI. 


THE  PERIODIC  SYSTEM  OF  THE  ELEMENTS. 

In  our  previous  discussion  of  chemistry  we  have  regarded  the 
properties  of  compounds  a«  being  the  properties  of  the  molecules 
which,  when  massed  together,  make  up  those  compounds,  and  we 
have  also  learned  that  the  character  of  any  individual  molecule 
depends  on  the  nature  of  the  atoms  which,  in  uniting,  produce  that 
molecule.  If  we  wish  to  systematically  study  the  connection  between 
the  characters  of  elements  and  their  compounds,  we  must  first 
attempt  to  compare  the  fundamental  constants  which  appertain  to 
the  atoms  and  which  are  definitely  determinable  and  to  be  ascertained 
with  great  accuracy.  Such  constants  are  the  atomic  weights  and 
the  specific  gravities  of  elementary  bodies. 

In  the  year  1868  both  Mendelejeff  and  Lothar  Meyer  demon- 
strated that,  when  the  elements  are  arranged  in  the  order  of  their 
increasing  atomic  weights,  each  element  will  differ  in  properties 
from  those  immediately  preceding  and  following  it,  but  nevertheless 
after  certain  definite  intervals  elements  will  recur  which  possess  very 
similar  characteristics.  This  interval  they  found  to  be  after  every 
seventh  element  in  the  first  fourteen,  and  after  every  seventeenth  in 
the  remainder  of  the  series.  The  elements  were  therefore  divided 
into  two  **  short  periods"  of  seven  each,  and  into  five  **  long  peri- 
ods" of  seventeen  individuals.  The  periods  being  so  selected  that 
each  begins  with  an  alkali  metal  and  ends  with  a  halogene;  for  by 
this  arrangement  the  extremities  are  formed  if  sharply  contrasting 
elements.  The  long  periods  are,  however,  in  reality  double,  for  in 
each  one  the  first  seven  elements  resemble  the  last  seven  in  many 
important  chemical  characteristics,  while  the  three  remaining  ele- 
ments which  are  in  the  middle*  form  a  separate  group. 

*  Elements  No.  8, 9  and  10  of  any  long  period. 
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The  arrangement  of  the  elements  in  the  periodic  system,  iuchid- 
ing  the  division  into  short  and  long  periods,  is  shown  in  the  following 
table : 


Ll 

7.02 

Be 

9 

B 

11 

C 

12 

N 
14.03 

o 

16 

F 

19 

Na 
23.05 

24.3 

Al 

27 

Si 
28.4 

P 

s 

'3-2.06 

Ol 
35.45 

K 

39.11 

Oa 

40 

'Sc 
44 

Ti 

48 

V 

51.4 

Or 
52.1 

Mn 
55 

Fe 
56 

Co 
59 

Ni 
58.7 

Cu 
63.4 

Zn 

65.3 

Ga 

69 

Ge 
72.3 

As    Se 
75      T9 

Br 

79fl5 

Rb 
85.5 

Sr 
87.6 

Y 

89.1 

Zr 

00.6 

Ob 

94 

Mo 
96 

— 

Ru 
101.6 

Rh 
103.5 

Pd 

106.6 

107.92 

Cd 
112 

In 
113.7 

Sn 

no 

Sb  .Te 
120   125 

I 
126  N*) 

Os 
132.9 

Ba 

137 

La 

138.2 

Ce 
140.1 

Di 
142.3 

— 

— 

— 

— 

— 

— 

— 

— 

—      — 

— 

— 

— 

Yb 
173 

Th 
232  6 

Ta 

182.6 

W 

184 

U 
239.6 



Os 
191.7 

Ir 
193.1 

Pt 
195 

Au 
197.3 

Hg 

200 

Tl 
204.18 

Pb 
206.9 

Bi     - 

208.9 

f 

1 

— 

The  very  rfire  elements,  Samarium,  150,  Terbium,  169.5,  and  Erbium,  166.3  have 
been  omitted  from  this  table,  as  their  properties  are  too  little  known  to  be  the  basis 
of  generalization 

The  first  two  (short)  periods  and  the  third  and  fourth  (longJ 
periods  are  complete  with  one  exception,  an  element  with  an  atomic 
weight  of  about  100  and  corresponding  to  manganese.  The  remain- 
ing periods  only  have  a  few  known  representatives  in  each,  and  all 
of  those,  with  possibly  one  or  two  exceptions,  can  be  classed  with 
the  very  I'are  elements;  As  a  consequence,  all  generalizations  must 
be  made  from  a  study  of  the  complete  periods,  while  the  conclusions 
drawn  from  the  latter  can  only  be  cautiously  extended  so  as.  to  cover 
the  ones  in  which  a  number  of  representatives  are  missing. 

The  short  periods. are  the  types  of  all;  the  others  are  constructed 
after  those  models  with  this  exception: — While  the  short  jieriods, 
beginning  as  they  do  with  a  pronounced  metal  and  ending  with  a 
pronounced  not-metal,  will  show  all  gradations  of  character  which  lie 
between  those  two  extremes  while  traversing  the  five  intervening 
elements,  the  long  periods,  although  they  begin  and  end  each  with 
an  equally  pronounced  metal  and  not-metal,  nevertheless  require  the 
interposition  of  fifteen  elements  to  effect  the  gradation  which  is  pro- 
duced by  five  in  the  short  periods;  and  from  this  it  follows  that  the 
elements  in  the  middle  of  the  long  periods  must  be  further  removed 
in  character  from  those  in  the  middle  of  the  short  periods  than  are  the 
elements  at  either  extremity;  we  would  therefore  expect  elements 
like  chromium,  manganese,  iron,  cobalt,  nickel  and  copper  to  have 
no   counterparts   in   the   typical  periods.     This   conclusion   is  not 
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strictly  correct,  however,  for,  as  has  been  mentioned,  the  long^ 
periods  are  really  each  composed  of  two  shorter  ones.  The  last 
members  of  the  first  half  of  the  long  periods  therefore  resemble  in 
many  ways  the  last  members  of  the  typical  short  periods,  while  the 
first  elements  of  the  second  half  are  much  like  the  elements  which 
begin  the  short  periods.  Any  given  long  period  begins  with  a  most, 
pronounced  metal  like  potar>sium  or  caesium;  foUowiDg  this  are 
six  elements  each  one  of  which  is  less  metallic  in  its  nature  than  the 
one  immediately  preceding  it;  the  eighth,  ninth  and  tenth  elements 
then  form  a  transition  from  the  first  to  the  second  seven  of  the  long^ 
period;  they  are  successively  more  metallic  in  their  nature.  The 
eleventh  element  is  once  more  a  tolerably  pronounced  metal „ 
although  it  has  by  no  means  so  metallic  a  nature  as  the  alkali  metals 
which  begin  a  period.  From  the  eleventh  to  the  seventeenth 
element  the  not-metallic  properties  again  become  more  and  more 
pronounced,  until  the  last  elements  of  the  periods  (bromine  or 
iodine)  are  among  the  most  intensely  not-metallic  elements  with 
which  we  are  acquainted.  The  gradation  in  properties  shown  by 
the  periods  can,  jjerhaps,  be  graphically  represented  as  follows: — 


Short  period,  7  elements;  metcUUc 


not-metoMic 


Long  period,  17 


metcUlic 


not-metaJlio 


The  elements  which  find  their  places  in  the  vertical  columns 
of  the  periodic  system  form  the  natural  families  or  groups  of 
elements;  when  we  compare  the  short  periods  with  the  long  ones 
we  find  that  the  first  two  elements  in  each  of  the  short  periods 
belong  to  the  same  family  as  the  first  two  in  each  of  the  longer 
ones,  while  the  last  five  in  the  former  correspond  to  the  last  five 
in  the  latter;  as  has  been  pointed  out,  the  intervening  ten  elements 
in  the  long  periods  differ  more  or  less  from  any  which  occur  in  the 
typical  periods.  This  relationship  is  clearly  shown  by  the  following 
table : 


Li. 

Be, 

1 

1 

B, 

C. 

N, 

0, 

F, 

Na. 

^*K. 

1 

1 

1 

Al, 

SI, 

P, 

s. 

CI. 

K, 

Ca, 

8c, 

Tl, 

V. 

Cr, 

Mil.  i  Fe, 

Co. 

Ni, ' 

Cu, 

Zn. 

Ga, 

Ge. 

As, 

Se, 

Br, 

Rb, 

Sr. 

y. 

Zr. 

Cb, 

Mo, 

-,   1  Ru, 

Rh, 

Pd, 

As, 

Cd. 

In, 

Sn, 

Sb, 

Te. 

I, 

Cs, 

Ba. 

La. 

Ce, 

Di. 

"~» 

_  1 

« 

■"""* 

^■"« 

■""« 

****  • 

« 

« 

"""% 

■~~» 

ff 

Yb, 

^■"» 

Ta, 

W, 

Os, 

Ir, 

Pt, 

Au, 

"g 

Tl, 

Pb. 

Hi, 

"~» 

^~f» 

Th.l   — . 

U. 

• 
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As  we  pass  from  member  to  member  along  the  complete  series  of 
the  elements  we  encounter,  at  one  time,  a  gradual,  at  another  an 
abrupt  change  in  the  character  of  the  elements;  the  gradual  changes 
between  the  two  extremities  of  any  period,  the  abrupt  changes  as  we 
pass  from  one  period  to  another,  and  these  changes  are  brought 
about,  with  close  resemblance  in  each  one  of  the  periods,  so  that 
nearly  every  property  of  any  given  element  is  repeated  in  one  or 
more  subsequent  ones;  this  repetition  is  found,  not  only  in  the 
chemical  character  of  the  elements  and  their  compounds,  but  is  also 
apparent,  even  in  a  greater  degree,  in  their  physical  properties,  the 
properties  of  any  individual  element  are  therefore  determined  by  the 
position  of  that  element  in  the  periodic  system. 

One  of  the  constants  which  appertains  to  each  element  is  its 
specific  gravity  in  the  solid  state,  and  that  regularly  increases  and 
decreases  as  we  pass  from  element  to  element  in  each  one  of  the 
periods.  This  fact  becomes  very  apparent  if,  instead  of  comparing 
the  specific  gravities  themselves,  i.  e.,  the  quantities  of  matter  con- 
tained in  the  unit  volume,  we  compare  the  volumes  which  are  occu- 
pied by  weights  of  the  respective  elements  which  are  so  taken  as  to 
correspond  to  the  atomic  weights.  By  this  means  we  can  arrive  at 
the  volumes  occupied,  in  each  case,  by  the  same  number  of  atoms, 
which,  necessarily,  must  bear  the  same  relationship  to  each  other  as 
the  volumes  occupied  by  the  individual  atoms;  these  volumes  can 
appropriately  be  termed  **  atomic  volumes,"  and  are. to  be  readily 
ascertained  in  each  case  by  dividing  the  atomic  weight  by  the  specific 
gravity,  so  that: 

V  —  - 
^  ~  c  ' 

Where  V  represents  the  atomic  volume,  a  the  atomic  weight  and 

c  the  specific  gravity  of  the  solid  element;  for  instance,  the  atomic 

weight  of  lithium  is  7.02,  its  specific  gravity  is  .59,  its  atomic  vol- 

7.01 
ume  is  therefore  —^3-  =   11.9;  the  quotient  11.9  means  that  7.01 

mUU 

grams  of  lithium  occupy  11.9  cubic  centimeters  of  space;  the  atomic 
weight  of  manganese  is  55,  its  specific  gravity  is  8,  its  atomic  vol- 
ume 6.9,  therefore  55  grams  of  manganese  take  up  6.9  cubic  centi- 
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meters.     The  following  table  demonstrates  the  relationship  between 
the  atomic  volumes  and  the  periodic  system : 


Li 
C  =  .69 
V  =  ll.9 

Na. 

C=  .97 
V^23.7 


Be 

1.86 

4.9 

Mg 

1.74 

13.9 


B 

2.68 

4 

Al 

2.56 

10.6 


I" 

3.6 

8i 

2.49 

11.4 


N 

3? 

5 

P 
2.3 
13.6 


O 

2? 

8 

S 
2.04 
15.7 


F 

1.5? 
13. 

CI 
1.38 
26.6 


K 

Ca 

Sc 

Ti 

V 

Cr 

Ma  Fe 

Co 

Nl 

Cu 

Zn 

Ga 

Ge 

AS 

Se 

Br 

C  =  .86 

1.57 

2.6 

3.7 

5.5 

6.8 

8 

7.8 

8.5 

8.8 

8.9 

7.15 

5.96 

5.47 

5.67 

4.6 

2.97 

V  =  45.4 

25.4 

17. 

13. 

9.3 

7.7 

6.9 

7.2 

6.9 

6.7 

7.1 

9.1 

11.7 

13.2 

U.2 

17.1 

26.9 

Rb 

Sr 

Y 

Zp 

Cb 

Mo 

— 

R 

Bh 

Pd 

ar 

Cd 

lu 

Sn 

8b 

Te 

I 

C  ^  1.52 

2.50 

3.6 

4.15 

7.06 

8.6 

— 

12.26 

12.1 

U.5 

10.5 

8.65 

7.42 

7.29 

6.76 

6.25 

4.94 

V  =  66.2 

35. 

24.8 

21.8 

13.3 

11.1 

— 

8.1 

8.4 

9.1 

10. 1 

12.8 

15.4 

16.3 

17.9 

20. 

25.6 

In  each  period,  whether  it  be  short  or  long,  the  specific  gravity 
begins  with  a  minimum  (with  the  specifically  light  alkali  metals) 
advances  to  a  maximum  at  the  middle  and  then,  once  more,  dimin- 
ishes to  a  minimum  at  the  opposite,  not-metallic  extremity,  each 
period,  therefore,  represents  a  complete  wave  in  regard  to  specific 
gravites,  the  beginning  being  in  the  trough,  the  middle  at  the  crest, 
and  the  end  in  the  succeeding  trough;  the  reverse  is  true  in  regard 
to  atomic  volumes,  these  begin  with  their  maximum  at  the  alkali 
metals,  diminish  to  a  minimum  at  the  center  of  the  periods,  and 
then  once  more  increase  to  a  maximum  at  the  other  extremity;  the 
changes  in  the  atomic  volumes  in  each  period,  therefore,  may  be 
compared  to  a  wave  the  crest  of  which  corresponds  to  the  beginning 
alkali  metal,  the  trough  to  the  middle  of  the  period  and  the  succeed- 
ing crest  to  the  next  following  alkali  metal.  The  atomic  volumes 
of  the  alkali  metals,  however,  increase  rapidly  with  increasing  atomic 
weight,  so  much  so,  indeed,  that  the  atomic  volume  of  sodium  is 
twice  that  of  lithium,  and  the  atomic  volume  of  potassium  is  twice 
that  of  sodium;  each  succeeding  wave  which  represents  the  changes 
in  the  atomic  volumes  of  the  elements  forming  one  period  has  a 
greater  amplitude  than  the  one  preceding  it,  and  a  lesser  amplitude 
than  the  one  following.  If,  then,  we  take  the  atomic  volumes  as  our 
guide,  representing  these  as  ordinates  and  the  atomic  weights  as 
abscissse,  we  can  represent  the  periodic  system  in  the  form  of  succes- 
sive wave-like  curves,  the  relative  position  of  any  element  upon 
these  curves  determines  the  properties  of  that  element.  Those 
elements  which  find  their  places  on  a  descending  branch  of  one  of 
these  curves  and  which  immediately  follow  a  maximum,  and  the 
next    following  elements   down  to   a   minimum  and  even   a  little 
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beyond  this  point,  are  difficult  to  fase,  and  are  not  volatile  and, 
furthermore,  they  are  less  fusible  the  nearer  they  approach  a  mini- 
mum;  those  elements  in  the  ascending:  curves  are  easily  melted  and, 
with  few  exceptions,  are  volatile;  of  the  elements  belonging  to  the 
latter  class,  nitrogen,  oxygen  and  fluorine  in  the  first  period  are 
gases,  in  the  second,  chlorine  only  is  a  gas,  phosphorus  and  sulphur, 
however,  melt  at  a  low  temperature  and  are  easily  volatilized,  in  the 
first  long  period  the  volatile  elements  begin  with  zinc,  in  the  next 
following  with  silver  and  in  the  next  (incomplete)  one  with  mercury. 
Lothar  Meyer,  in  consideration  of  these  facts  has  established  the  fol- 
lowing rule.  In  that  portion  of  the  series  in  which  the  atomic 
volumes  are  decreasing  with  increasing  atomic  weights,  the  elements 
are  not  volatile  and  fusible  with  difficulty,  on  the  other  hand, 
where  the  atomic  volumes  are  increasing  the  elements  are  easily 
melted  and  volatile.  All  of  the  other  properties  of  the  elements 
vary  twice  in  each  of  the  long  periods,  so,  for  instance,  the  alkali 
metals  at  the  maxima  of  the  curves  as  well  as  the  metals  immedi- 
ately following  are  malleable  and  ductile,  then,  as  the  minima  are 
approached,  there  follow  brittle,  crystalline  metals,  these,  in  turn, 
at  the  minima  give  way  to  malleable  and  ductile  ones,  and  succeed- 
ing the  latter,  as  the  next  maximum  is  approached,  the  not-metals, 
which  are  neither  malleable  nor  ducticle  find  their  places. 

If  we  designate  as  positive  those  elements  whose  oxides,  in  the 
greater  number  of  cases,  act  as  bases,  and  as  negative,  those  ele- 
ments whose  oxides  are  anhydrides,*  then  the  periods  each  begin 
with  strongly  positive  alkali  metals,  next  following,  on  descending 
curves  of  the  atomic  volumes,  are  a  number  of  less  positive  elements, 
as  a  minimum  is  approached  the  latter  give  way  to  one  or  two  nega- 
tive, or  at  least  in  greater  part  negative,  individuals;  succeeding 
those,  at  the  minimum  and  at  the  beginning  of  the  ascent  toward 
the  maximum  are  a  number  of  positive  elements  and  finally  the 
curves  are  completed  by  elements  which  are  entirely  negative. 

That  the  chemical  properties  of  the  elements  are  altogether  in 
harmony  with  the  periodic  system  has  been  repeatedly  noted  as  cer- 
tain sections  have  been  discussed  during  the  progress  of  this  work 
and,  as  the  relationships  have  already  been  discussed  at  length  when 


*  See  page  12. 
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the  various  families  have  been  taken  up  and  as  they  will  be  further 
noted  in  those  which  are  to  come,  it  seems  scarcely  necessary  at  this 
place  to  do  more  than  to  briefly  state  some  few  connections. 

By  determining  the  specific  gravities  of  the  gases  obtained  by 
volatilizing  the  halogene  and  hydrogen  compounds  of  the  elements, 
we  are  able  to  determine  the  respective  valences  of  the  atoms  (see 
page  103).  If  we  compare  the  halogene  and  hydrogen  compounds 
in  the  first  period  with  those  in  the  second,  we  find  the  changes  in 
valence,  as  we  go  from  left  to  right,  to  be  identical  in  both.  The 
beginning  elements  (alkali  metals)  are  invariably  univalent.  Pass- 
ing from  these  to  the  right,  we  find  that  the  valence  is  increased  by 
one  with  each  pair  &f  successive  elements  until  a  maximum  of  four 
is  reached  in  connection  with  the  members  of  the  carbon  family;  it 
then  successively  diminishes  until  it  once  more  reaches  a  minimum 
of  one  (halogene  family).  These  changes  are  made  apparent  by  the 
following  table: 

(R  represents  an  atom  either  of  hydrogen  or  of  chlorine.)* 

Li,        Be,        B,        C,        N,        O,        F, 

Compounds,  Li  R,  Be  Rg,     B  Rg    C  R„  N  Rg,  O  Rj,  F  R, 
Valence,          1,           2,           3,          4,         3,          2,  1, 

Na,        Mg,       Al,        Si,        P,        S,  CI, 

Compounds,  Na  R,  Mg  Rj,  Al  Rg,  Si  R„  P  Rg,  S  Rg,  CI  R. 

A  different  result  becomes  apparent  in  comparing  the  compounds 
of  the  elements  with  oxygen.  The  valence  toward  that  element  (page 
105)  begins  with  one  in  the  family  of  the  univalent  alkali  metals  and 
increases  to  a  maximum  of  seven  with  the  halogenes.  This  change 
becomes  evident  if  we  represent  a  single  valence  of  one  of  the  atoms  of 
oxygen  by  r,  O  =  2r,  and  then  group  the  elements  as  shown  in  table : 


Li, 

Be, 

B,        C, 

N, 

0, 

F. 

Oxides,    Lia  0, 

BeO, 

Bj  Oj,  C  Oj, 

N.O,, 

Li  r. 

Be  rg. 

B  ra,     C  r„ 

Nr„ 

Na, 

Mg, 

Al,       Si, 

P, 

s, 

CI. 

Oxides,    Naa  0, 

MgO, 

Alj  0„  Si  O2, 

PaOe 

S03, 

(CI,  0,) 

Na  r. 

Mg  r^, 

Al  rj.    Si  Vt, 

Pn. 

Sn, 

Clr, 

Valence,  1, 

2, 

3,          4, 

5, 

6, 

7, 

*  This  comparison  Is  legitimate  only  in  the  first  two  periods,  and  then  with  the 
understanding  that,  where  a  hydrogen  comjwund  of  an  element  does  exist,  we  study 
that  substance  and  not  the  chloride. 

23 
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In  making  this  comparison  we  must  remember  that  carbon, 
nitrogen,  phosphorus,  sulphur  and  chlorine  each  form  a  number  of 
oxides,  so  that  it  is  only  in  those  compounds  which  contain  the 
greatest  amount  of  oxygen  that  the  elements  in  a  short  period  pre- 
sent a  regular  increase  of  valence  from  one  to  seven.  In  the  long 
periods  there  are  but  few  hydrogen  compounds,  and  these  belong 
only  to  the  last  few  elements  of  the  periods,  so  that  if  we  wish  to 
compare  the  long  periods  with  the  short  ones,  we  will  be  compelled 
to  resort  almost  exclusively  to  the  chlorine  compounds.  If  the 
halides  of  the  elements  in  the  short  periods  were  to  exactly  corre- 
spond to  the  hydrogen  compounds,  we  would  be  able  to  construct 
the  following  table: 

Hydrogen  compounds,     N  Hg,     O  Hj,     F  H. 

P  Hg,     S  H2,     CI  H. 

Halogene  compounds,      N  Clg,    O  CI2,     F  CI, 

P  CI3,     S  CI2,     CI  Ci. 

All  of  these  chlorine  compounds  do,  in  reality,  exist,  but,  in 
addition,  phosphorus  is  able  not  only  to  form  a  trichloride,  P  CI,, 
but  also  a  pentachloride,  P  CI5,  while  sulphur  presents  a  tetrachlo- 
ride, S  CI4,  a  dichloride,  S  CI2,  and  a  monochloride,  83  Clj;  and  the 
difficulty  of  a  systematic  comparison  of  the  halides  is  further 
enhanced  by  the  discovery  in  the  long  periods  of  chlorides  having 
the  formula  Mo  CI5  and  W  Clg.  From  these  facts  we  are,  perhaps, 
justified  in  drawing  the  conclusion  that,  probably,  in  the  two  short 
periods  the  valence  toward  chlorine  would  increase  from  one  to 
seven,  just  as  it  does  toward  oxygen,  if  it  were  not  for  the  fact 
that  the  not-metallic  elements  in  those  periods  are  too  negative  to 
enable  them  to  retain  any  great  number  of  chlorine  atoms  in  a  sta- 
ble molecule.  This  objection  does  not  appertain  to  the  more 
metallic  elements  like  molybdenum  and  tungsten,  which  belong  to 
the  same  families  and  which  follow,  for  with  these,  as  the  above 
formulae  show,  the  valence  toward  chlorine  can  be  five  and  six. 
The  double  nature  of  the  long  periods  is  once  more  plainly  dem- 
onstrated by  the  valence  toward  oxygen  of  the  elements  belonging 
therein.  The  initial  alkali  metal  is  always  univalent;  advancing 
from  this  the  valence  steadily  increases  with  each  successive  ele-  J 
ement  until  a  maximum  of  seven  is  reached;  it  then  diminishes  in      I 
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the  eighth,  ninth  and  tenth,  is  again  equal  to  one  in  the  eleventh, 
and  from  this  to  the  seventeenth  once  more  increases  to  a  maximum 
of  seven.  In  order  to  illustrate  these  changes,  we  will  select  the 
first  one  of  the  long  periods  and,  in  order  to  more  clearly  demon- 
strate the  existing  resemblance  between  its  first  and  second  halves, 
will  place  the  one  under  the  other: 


K,  Ca 

Oxides,   Kb  O,  Ca 

Kr,  Ca 

Oxides 


Pe,       Co,       Nl, 

FeOs.CoOs.NifOs 
Fere,  Co  r4,  Nirj, 


The  elements  in  the  first  half  of  this  long  period,  beginning  as 
they  do  with  the  very  intensely  metallic  alkali  metal  and  ending 
with  a  metal  (manganese),  are  necessarily  much  more  positive  than 
those  of  the  second  half  which  end  with  a  pronounced  not-metal 
(bromine),  yet,  nevertheless,  the  two  sections  bear  a  striking  resem- 
blance to  each  other.  This  long  period  can  therefore  be  said  to  be 
formed  of  a  primary  and  secondary  short  period  and  of  the  three 
elements,  iron,  cobalt  and  nickel,  which  connect  the  the  two  halves 
and  form  a  gradual  transition  from  one  to  the  other.  Both  the 
primary  and  secondary  short  periods  resemble  the  typical  short  periods. 
This  relationship  is  made  more  apparent  in  the  following  table, 
which  is  the  one  in  general  use: 


1 

2 

3 

4 

5 

6 

7 

8 

ti 

=  1.007 

2. 

Li 

Be 

B 

C 

N 

0 

F 

7.02 

9 

11 

12 

14 

16 

19 

3. 

Na 

Mg 

Al 

Si 

P 

S 

CI 

23 

24.8 

27 

28.4 

31 

32 

36.6 

4. 

K 

Ca 

So 

Ti 

v 

Cr 

Mn 

Fe  Co  Ni 

39 

40 

44 

48 

61.4 

62 

66 

66  69  68.7 

5. 

Cu 

Zd 

6a 

Ge 

As 

Se 

Br 

63.4 

66.3 

69 

72.3 

75 

79 

80 

6. 

Kb 

Sr 

Y 

Zr 

Cb 

Mo 

•..- 

Ru      Rb     Pd 

86.6 

87.6 

89 

90.6 

94 

96 

101.6  103.5  106.6 

7, 

Ag 

Cd 

In 

Sn 

8b 

Te 

I 

108 

112 

113.7 

119 

120 

126 

126.8 

8. 

Ca 

Ba 

La 

Ce 

Dl 

— 

*- 

«—       —       — 

9 
10 

132.9 

137 

138 

140 

142.3 

_^ 

"  ■ 

Yb" 

^_ 

Ta" 

w"" 

Os       Ir    Pt 

173 

182.6 

184 

«.. 

191.7  193.1  195 

11 

AU 

Hk 

Tl 

Pb 

Bi 

— 

•— 

197.3 

200 

204 

207 

209 

12 

"— " 

__ 

^^ 

Til 
232.6 

•"" 

U 
239.6 

The  elements  which  are  placed  between  the  vertical  lines  consti- 
tute the   natural   families,  those   in  the   horizontal   lines  are  the 
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periods  or  series,  those  periods  which  have  even  numbers  constitute, 
with  the  exception  of  the  first  short  period,  the  first  sections  of  the 
long  periods,  those  with  the  odd  numbers,  with  the  exception  of  the 
second  short  period  (number  3)  form  the  second  sections,  the  series 
having  even  numbers,  therefore,  bear  the  closest  resemblance  to  each 
other,  while  those  having  odd  numbers  also  show  a  great  similarity 
of  characteristics,  on  the  other  hand,  the  periods  numbered  with  odd 
numbers  bear  a  much  less  marked  resemblance  to  those  with  even 
These   peculiarities  will  be   demonstrated   more   at   length 


ones. 


during  the  discussion  of  the  individual  families  of  metals.  If  a 
table  of  the  oxides  of  the  elements  is  constructed,  while  following 
out  the  arrangement  given  above,  the  remarkable  regularity  dis- 
played in  the  formation  of  those  compounds  is  made  apparent. 


2. 

LUO, 

Beg  08, 

BgOa, 

Ts  O4, 

Ng  Ob. 

• 

* 

3. 

Na«0, 

Mg2  O2, 

AlgOs, 

8i2  O4, 

PgOs. 

Crg  Oe, 

CU  O7  , 

4. 

K2O, 

Cag  O2, 

ScgOj, 

Tia  O4, 

Y2O5, 

Mds  O7, 

5. 

Cwi  0, 

Zn2  O2, 

Gaa  Os. 

Ge2  04. 

Asg  Ob, 

SegOe, 

Br«07, 

6. 

RbgO, 

Srg  Oo, 

Y2O8, 

Zrg  O4, 

Obg  Ob, 

Mog  Oe 

• 

7. 

AgsO, 

Cd2  02, 

IngOs, 

8ng04. 

Sbg  0.5, 

Teg  Oe, 

I2  O7, 

8. 

Csg  0, 

Ba2  O2. 

Lag  Os, 

Ceg  O4. 

Di2  Ob, 

« 

, 

9. 

• 

• 

_-    »  _ 

"» 

» _ 

WgOe. 

t 

10. 

' ) 

J 

yb2  Os, 

1 

Tag  O5, 

t 

, 

11. 

AuaO, 

Hga  O2. 

TlgOs. 

Pb04, 

Big  Ob, 

UgOe, 

> 

12. 

• 

» 

> 

» 

In  constructing  this  table  the  formulae  of  the  oxides  in  the 
families  of  beryllium,  carbon  and  sulphur  have  been  doubled,  so  as 
to^-render  the  increase  in  the  valence  toward  oxygen,  as  the  series 
proceed  from  left  to  right,  more  apparent.  Of  course,  a  number  of 
the  elements  form  oxides  with  formulae  differing  from  those  given 
in  the  table,  only  those  oxides  have  been  selected  for  purposes  of 
comparison,  which  are,  in  any  given  family,  common  to  all  of  the 
members  of  that  family ,  or,  in  cases  where  the  oxides  themselves*  are 
not  known,  their  existence  has  been  considered  as  theoretically  pos- 
sible because  some  derivatives  of  the  missing  oxides  have  been 
described.  In  any  given  family,  any  one  of  the  oxides  given  on 
the  above  table  in  the  vertical  column  belonging  to  that  family, 
may  be  termed  the  typical  oxide  of  that  group. 

By  a  skillful  combination  of  the  connections  which  have  been 
emphasized  in  the  last  chapter,  Mendelejeff  was  able  to  predict  the 

*  For  instance,  tlie  oxide  Mng  O7  does  not  exist,  but  a  salt  derived  from  that  oxide 
as  an  aniiydride,  KMn  O4,  potassium  permanganate,  does  exist,  the  same  is  true  of  the 
oxides  Ig  O7  and  Brg  Of  ,the  acids  derived  from  these,  and  the  salts  of  these  acids  are 
known,  while  the  oxides  themselves  are  unknown. 
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existence  of  a  number  of  elements,  unknown  at  the  time  of  his  dis- 
CO  very  of  the  periodic  system;  for  the  purpose  of  illustrating  the 
method  adopted  by  that  investigator,  one  example  will  be  given  here. 
No  element  fitting  into  the  fourth  series,  group  three,  was  known, 
yet,  were  such  a  one  to  be  discovered,  it  should,  in  its  properties, 
be  related  to  aluminium  in  the  same  way  as  calcium  is  to  magnesium 
or  as  titanium  is  to  silicon.  Its  atomic  weight  should  be  about  44, 
inasmuch  as  it  would  follow  K,  (39).,  Ca  (40)  and  be  followed  by 
Ti  (48)  and  V  (51).  In  predicting  the  properties  of  this  element 
Mendelejeff  reasoned  that  it  would  be  as  much  more  metallic  than 
aluminium  as  calcium  is  than  magnesium,  or  as  titanium  is  than 
silicon.  This  unknown  element  Mendelejeif  called  ekaboron,  with 
a  symbol  Eb,  and  for  the  purposes  of  comparison  the  predicted  pro- 
perties of  ekaboron  and  the  real  properties  of  scandium,  the  element 
which  was  subsequently  discovered,  are  placed  side  by  side:* 


Ekaboron. 


Scandium. 


Atomic  weif2:bt  about  44. 

Oxide,  Eb2  Os.  soluble  In  acids,  analo- 
gous to  Ale  Os.  but  more  basic,  insoluble 
m  allcalis. 

Salts  of  Eb,  colorless,  yield  gelatinous 
precipitates,  wltb  Na  OH,  Nag  Cos- 

Sulphate.  Ebg  (SO 4)3,  will  form  a  double 
salt  with  Ks  8O4,  which  will  not  be  iso- 
morphous  with  the  alums. 


Atomic  weight,  44. 

Oxide,  Scg  Os.  soluble  in  strong  acids, 
analogous  to  AU  Os)  but  decidedly  more 
basic,  insoluble  In  allcalis. 

Salts  of  Sc  are  colorless  and  yield  gela- 
tinous precipitates  with  Xa  OH,  Nag  COs. 

Sulphate,  SC2  (S04)8.  will  form  a  double 
salt  with  Kg  SO 4,  which  is  not  isomor- 
phous  with  the  alums. 


It  seems  scarcely  necessary  to  enter  into  a  more  detailed  description 
of  the  periodic  system  at  this  place;  the  elements,  which  have  already 
been  considered,  have  been  discussed  in  their  relation  to  the  natural 
groups  of  which  they  are  members,  so  that  their  individual  connections 
have  been  sufficiently  pointed  out;  those  which  are  to  follow  will  be 
described  in  the  order  given  by  the  periodic  system,  while  attention 
will  be  called  to  the  character  of  the  various  families  at  the  proper 
place.  It  does  not  fall  within  the  scope  of  this  work  to  give  a  detailed 
description  of  each  individual  metal,  as  has  been  done  with  the  not 
metals,  for  that  ground  is  very  abundantly  covered  by  the  large  num- 
ber of  works  on  qualitative  analysis,  which  discuss  many  of  the  chem- 
ical reactions  peculiar  to  the  metals  because  the  latter  are  mainly 
interesting  from  an  analytical  standpoint,  and,  moreover,  much  of 
the  chemistry  of  the  salts  of  the  metals  is  merely  a  repetion  of  what 
has  already  been  taken  up. 


See  Pattison  Muir,  Principles  of  Chemistry,  p.  201. 
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CHAPTER  LII. 


THE  ALKALI  METALS. 

Lithhnn,  si/mbol  Lt,  afomie  weight,  7.02. 
Stfdium^  fiymhol  Xa,  atomic  meight,  23.05. 
}\^fofi}ii}im,  iiymbol  JC,  atomic  weight,  39.1 1. 
Knhiih'Km,  9i/mbol  Rh,  atomic  weight,  85.5. 
<Vff'x/ww,  sifmhol  Cs,  atomic  weight,  139.2. 

Tiio  f^lk'^li  m.Mtils  are  the  chetnical  opposites  of  the  halogenes, 
i)\o  U\\^^Y  aiv  i\\c  m(>st  noiratire  (not  metallic)  elements  with  which 
wo  rtiv  rtiN)\i?unto<i,  whilo  the  former  are  the  most  positive.  Just  as 
\\w  \\s^\  nui.^Vw'  pmportioi?  diminished  from  fluorine  to  iodine  in  the 
\\  O.vrsno  )ii»N>\tp,  N<>  tho  metallic  properties  of  the  alkalis  increase  with 
uu-^srniu  ft^Muio  woitfht,  and  these  changes  can,  perhaps,  best  be 
»n^i<»Ml  h\  rt  o.viipirison  of  the  readiue^  with  which  the  individual 
n\,Muhov»i  M  Uoth  familiojs  dooompose  water.  This  decomposition  is 
.M  ^u  *^\  ^oi  Iv  o|sj>*\Ni(o  oharAotor  accordingly  as  the  element  in  question 
<>  »s  i\>o»uUo\  y\{  tUo  haloirt^no  or  of  the  alkali  group.  As  a  reference 
^\  ^N\*.o  ,^.^  \m11  twalK  tho  halogenes  decompose  water,  liberating 
.'.  *  M\y\  \\w\  do  this  tho  more  readily  the  tnore  negative  they 
.^<>    »N^\  \\w  y\\\w\  h,Hnd  tho  atkali^  decompose  water,  liberating  hydro- 

.  ♦  *\\\A  i)>i*  >vj^t  lion  tiikos  pboo  the  more  readily  the  mare  positive  the 
\\u  \a\  \\\  y\\w>iu\\\  ij»,  Kluorino,  when  brought  in  contact  with  water, 
\\\  y^\\\\\  ^^^h\«  hydi»thu>no  acid,  and  sets  free  oxygen,  even  in  the 
»Ov^<\»o^vt  l^jihl;  ohlorino  dtH>$  so  only  when  the  solution  of  that 
*o^  >  \*  |\)»^ro>l  \\\  \hp  nunli^ht;  bromine  enters  into  this  reaction  more 
^l^^^  \\  \\\M\  \A\W\\\\\  whilo  itHlino  ha.<  no  effect.  In  the  case  of  the 
s\\\*y\\\  \\w\^\U^  \\\\\\\\\\\  d^vomposos  water,  formiog  lithium  hydroxide 
s\s\A  \\\\\\y\\v\^s\^  \\\\{  \\\ff^  motal  di^es  so,  quietly,  without  melting  or 
\\  \\\\\\\\\  \\\  \\\^\^\\\\\^  MilWoiont  boat  to  cause  the  hydrogen  to  take  fire; 

vulhutt  «Uh^\^K4  \\)Hor  oi>or)r(^(ioaUy,  tho  metal  is  heated  to  its  melting 
\\^\\\\\    \\\\\  \\\\^  \\\\\vy\^^'^\\  which  is  Innng  evolved  does  not  burst  into 
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flame;  potassium  melts,  while  sufficient  heat  is  developed  to  ignite 
the  hydrogen,  while  both  rubidium  and  caesium  enter  into  the 
decomposition  with  explosive  violence.  Of  course,  the  halogenes 
and  the  alkali  metals  unite  with  the  greatest  energy,  the  latter  burn 
in  an  atmosphere  of  the  former  with  a  brilliant  light,  while  most 
stable  halides  are  produced. 

The  alkali  metals  are  soft,  malleable  and  ductile,  and  possess  a 
brilliant  metallic  lustre.  When  exposed  to  the  air  they  almost 
instantly  become  coated  with  a  layer  of  oxide,  the  latter  absorbs 
moisture  and  carbon  dioxide,  thereby  changing  into  a  mixture  of 
the  carbonate  and  hydroxide;  as  a  consequence  of  these  changes, 
pieces  of  the  alkali  metals  which  are  in  contact  with  the  atmosphere 
soon  become  the  center  of  a  small  pool  of  deliquescent  hydroxide; 
because  of  this  capacity  for  oxidation  the  metals  are  kept  under 
some  liquid  hydrocarbon,  such  as  petroleum. 

Contrary  to  the  rule  observed  with  not  metallic  elements  which 
form  the  opposite  extremity  of  the  periods,  the  metals  in  a  given 
family  at  the  beginning  of  the  same  show  a  diminution  of  their 
melting  points,  with  an  increase  in  their  atomic  weights;  this  change 
is  evident  from  the  following  table: 

LI,  specific  gravity,   .589.  atomic  volume,  11.9,  melting  point,  180  * 

Na,        "               ••         .972,  •»           "         23.7,  •*           "        95.6' 

K,         *•               *•          .865,  "           *•         45.2,  "           "        62.6' 

Rb.       "               •'        1.62,  *'           "         56.3,  "           "        38.6" 

Cs.        "              '*       1.88,  "           '•        74.0,  **           "       26.  ' 

The  oxides  of  all  the  alkali  metals  are  soluble  in  water,  and 
when  so  dissolved  produce  the  corresponding  hydroxides.  From  this 
it  follows  that  the  former  cannot  be  produced  excepting  by  processes 
during  which  water  is  rigidly  excluded.  Each  of  the  elements  can 
be  burned  in  oxygen,  forming  the  corresponding  oxide  of  the  form- 
ula   MjO;  these   oxides  greedily  take   up   water,   producing   the 

hydroxides: 

M2  0  +  HaO  =  2MOH, 

while  the  latter,  of  course,  can  also  be  formed  by  dissolving  the 
former  in  water.  During  this  change  from  oxide  to  hydroxide  and 
during  the  subsequent  solution  a  large  amount  of  heat  is  given  off, 
for  instance,  in  the  case  of  Na^O,  the  latter  amounts  to  550  K.  The 
hydroxides  are,  without  exception,  soluble;  this  solubility  increases 
with  the  metalic  nature  and  hence  with  the  atomic  weights  and  vol- 
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umes  of  the  alkali  metals,  the  more  positive  the  metal,  therefore, 
the  more  soluble  the  hydroxide;  indeed,  the  hydroxides  of  the  alkali 
metals  alone  are  very  readily  soluble.*  If  we  examine  the  next 
family  to  the  right  of  the  alkalis  in  the  periodic  system,  we  will  dis- 
cover that  the  hydroxides  of  the  two  members  with  the  smallest 
atomic  weights  (beryllium  and  magnesium)  are  insoluble  f  while 
those  of  calcium,  strontium  and  barium,  although  in  no  case  as 
readily  soluble  as  the  hydroxides  of  the  alkali  metals,  have  their 
solubility  increased  with  increasing  atomic  weight,  so  that  the  same 
rule,  holding  good  with  the  alkali  metals,  appertains  to  this  family 
also.  With  the  families  mentioned  (the  alkalis  and  the  alkaline 
earths)  the  list  of  soluble  hydroxides  of  the  metals  is  practically 
exhausted,  for  by  far  the  greater  number  of  hydroxides  of  the  purely 
metalic  elements  is  insoluble  in  pure  water. 

The  hydroxides  of  the  alkali  metals  (the  caustic  alkalis)  can  be 
prepared  by  the  action  of  the  respective  metals  on  water. 

M  +  H  O  H  =  M  O  H  +  H, 

or  by  covering  slaked  lime  with  a  solution  of  an  alkaline  carbonate, 
allowing  the  mixture  to  stand  and  then  filtering,  when  the  following 
reaction  has  taken  place: 

Ma  C  O3  +  Ca  (O  H)2  =  Ca  C  O3  +  2  M  O  H, 

Soluble.  Soluble.  Insoluble.  Soluble. 

The  filtered  liquid  is  evaporated,  at  first  in  porcelain  and  finally  in 
iron  or  silver  dishes. J  All  of  the  alkaline  hydroxides  can  be  fused 
without  decomposing  into  the  corresponding  oxide  and  water,  and  the 
solution  of  any  one  of  them  absorbs  carbon- dioxide  when  exposed  to 
the  air,  so*that,  if  it  is  to  be  kept  for  any  length  of  time,  it  must  be 
placed  in  closed  flasks.  The  solutions  are  strongly  alkaline  in  taste 
and  in  reaction  toward  litmus,  and  neutralize  salts  with  the  greatest 
readiness. 

The  phenomena  attending  the  neutralization  of  an  acid  by  a  base 
are  of  such  importance  that  a  brief  discussion  of  their  nature  is 
necessary. .  If ,  to  use  potassium  hydroxide  as  an  example,  that  base 

•  The  hydroxide  of  lithium  alone,  in  the  alkali  family,  is  not  soluble  with  great 
readiness. 

t  That  of  magnesium  is  very  nearly  insoluble. 

i  Platinum  vessels  must  not  be  heated  with  concentrated  solutions  of  alkaline 
hydroxides,  for  they  are  readily  attacked  by  caustic  alkalis. 
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is  brought  in  contact  with  hydrochloric  acid,  the  following  change, 
as  expressed  by  our  chemical  equations,  takes  place: 

K  O  H  +  H  CI  =  K  CI  +  H2  O. 

Of  the  two  systems,  K  O  H  +  H  CI  and  K  CI  +  Hj  O,  the  former 
is  in  unstable  equilibrium,  the  two  systems  correspond  to  two  differ- 
ent quantities  of  energy,  so  that  when  the  former  is  converted  into 
the  latter,  energy  is  conducted  away  in  the  form  of  heat.  The  sum 
of  the  energy  thus  conducted  away  and  of  that  remaining  in  the 
jsystem  K  CI  +  H2  O  must  be  equal  to  that  originally  contained  in 
K  O  H  +  H  CI.  We  are  also  acquainted  with  chemical  reactions 
in  which  energy  must  be  conducted  to  a  system  in  order  to  change  it 
into  a  second  one.  The  former  class  of  reactions  are  exothermic, 
the  latter  are  endothermic  (page  11).  In  how  many  portions  the 
energy  may  be  communicated  has  evidently  no  effect  on  the  final 
value.  In  the  reaction  cited  above  the  following  changes  take 
place: 

KOH  +  HCl^KCl  +  H^O—  (K,  O  H  +  H,  CI),* 

that  is,  there  is  an  expenditure  of  energy  sufficient  to  decompose 
K  O  H  into  K  +  O  H  and  H  CI  into  H  +  CI  necessary  before  the 
rearrangement  into  K  CI  +  H2  O  takes  place.  In  the  entire 
reaction,  however,  energy  passes  off  in  the  form  of  heat,  and  the 
amount  of  the  latter  is  evidently  independent  of  the  intermediate 
changes.  This  may  be  expressed  in  the  following  terms :  *  ^  The 
heat  of  formation  of  K  CI  -f"  H2  O  is  greater  than  that  of 
K,  O  H  +  H,  CI."  As  we  may  disregard  the  intermediary 
changes,  we  can  express  the  result  as  follows: 

K  O  H  aq  +  H  CI  aq  =  K  CI  aq  +  H2  O  +  aq  +  137  K, 

the  symbol  ^-q.  signifying  that  the  constituents  are  dissolved  in  a 
quantity  of  water  so  large  that  the  addition  of  any  more  of  the 
reagents  will  not  affect  the  thermal  value,  or,  as  the  formation  of 
water  takes  place  in  all  neutralizations  of  acids  with  bases,  and  as  its 
mixture  with  the  salt  solution  can  produce  no  thermal  effect,  we  can 
write  the  equation : 

K  O  H  aq  +  H  CI  aq  =  K  CI  aq  +  137  K. 
♦  See  Ostwald,  Outlines  of  General  Chemistry,  page  368. 
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Now,  it  has  been  shown  that  different  acids,  as  well  as  different 
bases,  evolve  different  amounts  of  heat  when  neutralized,  but  the 
difference  between  the  amounts  of  heat  given  off  by  any  two  bases  when 
neutralized  by  a  series  of  acids  or  between  any  two  acids  when  neutral- 
ized by  a  series  of  bases  is  always  the  same.  The  strong  monobasic 
acids  (hydrochloric  acid,  hydrobromic  acid,  hydroiodic  acid,  nitric 
acid,  chloric  acid,  bromic  acid,  perchloric  acid,  iodic  acid)  all  give 
off  very  nearly  the  same  amount  of  heat  when  neutralized  by  an 
equimolecular  quantity  of  caustic  soda;  this  amount  is  very  nearly 
139  K.  Among  dibasic  acids,  on  the  contrary,  a  different 
behavior  is  observed;  although  some,  like  the  monobasic  acids,  lib- 
erate 139  K  for  each  equivalent;*  others,  on  the  other  hand,  liberate 
more.  For  instance,  if  increasing  quantities  of  sulphuric  acid  are 
added  to  a  weight  in  grams  of  sodium  hydroxide  equivalent  to  one 
combining  weight,  an  evolution  of  heat  takes  place  until  sufficient 
acid  has  been  added  to  form  the  secondary  sulphate,  Na-j  S  O^.  This 
amounts  to  157  K  for  one  gram  equivalent  weight  and  314  K  for 
one  gram  formula  weight  of  sulphuric  acid.  If  sulphuric  be  further 
added  an  absorption  of  heat  takes  place  until  a  limit  of  — 33  K  is 
reached.  This  absorption  takes  place  during  the  formation  of  the 
primary  sulphate  (see  page  149),  so  that  we  here  observe  the 
phenomenon  of  a  reaction  spontaneously  inaugurated  without  the 
evolution  of  heat.  The  hydroxides  of  the  alkali  metals  and  of  the 
alkaline  earths  form  a  group  of  bases  which  act  similarlv  to  the 
monobasic  acids;  when  neutralized  with  hydrochloric  acid  they  give 
off,  for  each  equivalent  weight  in  grams,  about  139  K.  Other 
hydroxides,  like  aluminium  and  ferric  hydroxides,  have  much 
smaller  heats  of  neutralization.  The  fact  that  so  much  heat  is 
evolved  when  acids  are  brought  in  contact  with  bases  explains  why 
the  reactions  of  neutralization  take  place  so  readily,  and  why  the 
salts  formed  are  so  often  among  the  most  stable  chemical  bodies. 
Of  course,  some  very  weak  acids  are  able  only  to  partially  neutralize 
bases  and  very  weak  bases  to  partially  neutralize  acids.  The  heats 
of  neutralization  in  these  cases  will  be  small  and  the  salts  easily 
decomposed  by  the  addition  of  water  or  of  acids,  or  even  by  slight 
warming.     Such  examples  have  been  encountered  in  the  study  of 

*  By  equivalent  is  meant  one-half  the  formula  weig^ht,  or  that  proportion  by  weight, 
of  the  acid  which  would  contain  one  part  by  weight  of  hydrogen. 


GENERAL  DESCRIPTIVE  CHEMISTRY.  863 

the  chlorides  of  bismuth  and  antimony  and  in  the  study  of  hydro- 
cyanic acid.* 

When  we  use  the  expressions  **  strong  "  and  '*  weak  ''  bases  it, 
however,  becomes  as  necessary  to  define  the  meaning  of  those  terms 
as  it  was  when  we  used  similar  designations  in  regard  to  acids  (see 
page  139).  But  little  work,  as  compared  with  that  done  in  the 
study  of  acids,  has  been  accomplished  in  regard  to  the  affinity  of 
bases,  yet  we  can  place  the  ratio  between  the  strengths  of  two  bases 
as  being  given  by  the  relative  rapidity  with  which  the  two  are  able 
to  decompose  a  salt  of  a  third,  not  very  pronouncedly  metallic, 
substance. t  Experiments  in  this  direction  have  shown  that  the 
hydroxides  of  the  alkali  metals  all  act  about  equally  in  this  respect, 
the  alkaline  earths  are  but  little  behind  the  alkalis,  while  ammonia 
develops  a  very  slow  action. 

Our  previous  chemical  study  has  shown  that  chemical  changes 
depend  upon  the  quantity  of  heat  which  is  produced  or  absorbed 
during  the  various  reactions  and  that  they  also  depend  greatly  upon 
the  temperature  and  other  external  conditions  under  which  they 
take  place.  Now  it  is  also  a  matter  of  common  experience  that  the 
mass  of  the  active  chemical  reagents  has  exactly  the  same  influence 
as  the  temperature  in  such  a  way  that  an  increase  of  the  mass  J  may 
bring  about  the  same  effect  as  a  diminution  of  temperature,  and  a 
diminution  of  the  mass  has  the  same  effect  as  an  increase  of  temper- 
ature. This  relationship  is  made  clear  in  reactions  in  which  disso- 
ciation takes  place,  so,  for  instance,  if  molecules  of  Nj  O^  are  disso- 
ciated to  form  N  Oj,  the  reunion  of  molecules  of  N  O2  to  form  Ng  O4 
will  take  place  the  more  frequently  in  the  unit  of  time  the  more 
often  contact  between  the  molecules  takes  place,  but  this  contact 
will  take  the  oftener  the  greater  the  density  of  the  gas,  t.  c,  the 
smaller  the  space  which  a  given  quantity  has  at  its  disposal,  the 
density  of  a  gas  increases  with  the  pressure  upon  it,  so  that  the 
active  mass  in  the  unit  volume  becomes  greater.  It  follows  that  the 
amount  of  N  O2  found  is  smaller  the  greater  the  density,  but  it  is 
also  true  that  the  amount  of  N  O2  will  be  smaller  the  lower  the  tem- 

*  See  pages  243, 250, 285. 

tSuch  a  substance  Is  metbylacetate,  C  Ha  C  O  O  C  Ha-    In  this  substance  the  mono 
valent  radicle  methyl  (page  266)  takes  the  part  of  a  metal. 

t  /.  e.,  of  the  quantity  of  reagent  contained  in  the  unit  volume. 
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perature.  As  a  result  of  this  and  many  similar  investigations  the" 
law  has  bscome  well  established  that  the  amount  of  chemical  action 
which  a  substance  can  exert  iii  any  case  is  proportional  to  the  active 
masB  of  that  subdanee  y^h'ich  is  present  in  the  unit  volume.  We 
make  a  daily  empirical  use  of  this  law  by  using,  for  instance,  con- 
centrated acids  to  dissolve  certain  substances  in  preference  to  dilute 
ones.  Let  us  suppose  two  substances,  A  B  and  C  D  to  be  in  solu- 
tion, and  let  us  suppose  that  A  B  acts  on  C  D  to  produce  two  new 
substances,  A  D  and  B  C.  At  the  first  instant  of  the  reaction  the 
substances  in  solution  can  ba  expressed  by  the  following: 

AB    CD 
AD    BC. 

These  changes  will  go  on  until  a  point  is  reached  in  which  A  D  and 
B  C  will  be  present  in  such  mass  that  A  D  and  B  C,  reacting  on 
each  other,  will  reproduce  exactly  as  many  molecules  of  A  B  and 
C  D  as  A  B  and  C  D  will  produce  of  A  D  and  B  C.  The  solution 
is  then  in  a  state  of  equilibrium,  which  can  be  disturbed,  however, 
by  increasing  the  mass  of  one  or  the  other  of  the  constituents.  Let 
us  suppose,  however,  that  A  D,  which  is  produced,  is  either  insolu- 
ble or  volatile,  it  is  then  removed  from  the  solution  as  fast  as  it  is 
formed,  and  let  us  further  suppose  that  B  C  can  have  no  efifect  on 
the  insoluble  or  volatile  substance  produced.  A  familiar  example  of 
such  a  change  would  be  the  action  of  silver  nitrate  on  hydrochloric 
acid,  by  which  means  silver  chloride,  which  is  insoluble,  and  nitric 
acid  are  produced: 

Ag  X  O3  +  H  CI  =  Ag  CI  +  H  NO3. 

In  such  a  case  then,  as  the  silver  chloride  is  removed  from  the  solu- 
tion as  fast  as  it  is  produced,  no  equilibrium  can  result  until  the 
entire  mass  of  silver  nitrate  has  been  converted  into  silver  chloride. 
The  same  would  be  true  if  the  substance  produced  were  a  gas,  and 
as  a  consequence  would  as  certainly  be  removed  as  if  it  were  an 
insoluble  solid.  These  reactions,  known  as  double  decompositions, 
are  among  the  most  common  which  are  to  be  considered  in  the  chem- 
istry of  the  metals.  We  have  already  encountered  a  number  of 
them,  an  instance  being  the  action  of  hydrogen  sulphide  on  soluble 
salts  of  the  heavy  metals   (see  page  95)   and  the  empiric  rule  has 
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come  about  as  the  result  of  experience  that  a  complete  double 
(lecomposition  takes  place  when  an  insoluble  or  volatile  substance  is 
produced.* 

The  sulphides  of  the  alkali  metals,  owing  to  their  resemblance  to 
the  oxides,  naturally  follow  in  the  order  of  the  discussion.  These 
compounds  are  all  quite  soluble  in  water.  They  are  formed,  as  a 
general  rule,  by  reduction  of  the  corresponding  sulphates  by  heating 
with  charcoal: 

M2  S  O,  +  4  C  =  M2  S  +  4  C  O, 

or  by  addition  of  hydrogen  sulphide  to  a  solution  of  the  correspond- 
ing hydroxide,  by  which  means  the  sulphhydrate  is  produced: 

M  O  H  +  H2  S  =  M  S  H  +  H2  O. 

An  addition  of  an  equal  amount  of  hydroxide  to  the  sulphydrate 
then  produces  the  sulphide: 

(In  this  case  Hj  S  acts  like  a  dibasic  acid;  see  page  137.) 

The  solutions  of  alkaline  sulphides  are  able  to  dissolve  sulphur  to 
form  so-called  polysulphides  (see  page  151,  foot  note).  In  the 
cases  of  sodium  and  potassium,  polysulphides  having  the  following 
formulae  have  been  isolated: 


Na2  S2, 

K2  82, 

Nag  S3, 

K2  S3, 

Na^  S„ 

Kj  S4, 

Na^  S„ 

K2  S5. 

All   of  these,  on  addition  of   acids,  form  the  corresponding  salt, 
hydrogen  sulphide  and  sulphur,  for  instance: 

K2  S5  +  2  H  CI  =  2  K  CI  +  H2  S  +  4  S. 

When   exposed   to   the   air  they   are    oxidized,   forming    salts   of 
dithionic  acid,  while  sulphur  is  liberated: 

Kj  S2  -[-  3  O  =  K2  S2  Og 
K2  S3  -7-  3  O  =  K2  S2  O3  -f-  S 
Kj  84  +  3  O  =  Kj  Sj  Os  +  2  S 
KjS5+.3  0  =  K2SjO, +  3  8. 


*  The  laws  of  mass  action  have  of  late  been  greatly  developed  by  a  number  of  promi- 
nent chemists;  their  discussion  is  however  out  of  place  in  an  elementary  text-book^ 
Kor  more  detailed  information  tlie  i)upil  can  refer  to  Ostwald's  Outlines  of  General 
Chemistry,  Wallcer's  translation. 
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The  formulae  of  these  sulphides  can  perhaps  be  best  explained  on 
the  supposition  that  they  are  salts  of  thio  or  sulpho  acids,  so  that 
the  action  of  sulphur  on  the  monosulphides  would  be  analogous  to 
that  of  oxygen  on  the  same  substances.  For  example,  the  sulphide 
of  potassium  would  be  oxidized  to  the  sulphate: 

K2  S  +  4  O  =  K2  S  0„ 

while  the  sulphide  would  be  sulphurized  to  the  pentasulphide : 

K2  S  +  4  S  =  K2  S,. 

According  to  this  theory  the  pentasulphide  would  be  the  potassium 
fialt  of  dithio-disulpho  sulphuric  acid,  or: 


This  theory  is,  however,  sustained  only  by  the  fact  that  the 
sulphides  of  the  alkalis  can  take  up  no  more  than  four  atoms  of 
sulphur.  The  acids  corresponding  to  these  sulphides  have  never 
been  isolated. 

The  sulphhydrates  of  the  alkali  metals,  corresponding  to  the 
hydroxides  in  formula,  are  soluble  in  water  and  are  produced  by 
the  action  of  hydrogen  sulphide  on  the  hydroxides: 

Both  the  sulphides  and  sulphhydrates  are  bases;  with  acids  they  form 
salts  and  hydrogen  sulphide  (the  oxides  and  hydroxides  form  salts 
and  water;  see  page  92). 

K2  O  +  2  H  CI  =  2  K  CI  +  H2  0 
K2  S  +  2  H  CI  =  2  K  CI  +  H2  S 
K0H  +  HC1  =  KC1  +  H2  0 
K  S  H  +  H  CI  =  K  CI  +  H2  S. 

The  halogene  derivatives  of  the  alkalis  are  extremely  stable  and 
are  throughout  soluble  in  water.  Of  these  compounds,  the  most 
common  in  occurrence  are  the  chlorides,  of  which  sodium  chloride  is 
by  far  the  most  often  met  with.  Sodium  chloride,  or  common  salt, 
occurs  in  extensive  beds  in  rocks  of  various  ages,  associated  with 
gypsum,  calcite,  clay  and  sandstone.  It  frequently  occurs  in  solu- 
tion in  salt  springs  and  is  always  found  in  the  sea,  of  which  it  forms 
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2.5  per  cent.  The  salt  of  commerce  is  often  obtained  by  evaporat- 
ing sea  water  in  lagoons  by  means  of  the  heat  of  the  sun,  as  is  done 
in  France.  Lime,  gypsum  and  ferric  hydrate  separate  at  first, 
afterward  the  salt  begins  to  crystallize  and  can  be  raked  out;  at  last 
there  is  left  a  mother  liquor  which  contains  sodium  chloride,  mag- 
nesium chloride,  potassium  chloride  and  magnesium  sulphate.  In 
many  cases,  where  the  brine  obtained  from  salt  springs  is  evaporated, 
the  mother  liquors  contain  the  bromides  and  iodides  of  the  alkalis. 
The  simple  halides  of  the  alkali  metals  crystallize  in  the  regular 
system,  most  frequently  in  cubes.  As  we  have  seen  (page  325)  the 
halides  of  the  alkali  metals  have  a  tendency  to  crystallize  with  other 
halides  in  the  form  of  double  salts  in  which  the  alkaline  halide  pre- 
sumably plays  the  part  of  the  base.  A  number  of  these  double 
halides  occur  as  natural  minerals.  Among  the  most  important  of 
them  is  cryolite,  Al  Fj,  3  Na  F  (see  page  321).  None  of  the  bro- 
mides or  iodides  of  the  alkalis  occur  as  crystalline  mineral  indi- 
viduals. 

As  would  be  expected,  the  heat  of  formation  of  the  alkaline 
halides  increases  with  the  increasing  metallic  nature  of  the  alkaline 
metal  forming  such  a  halide.  This  relationship  is  readily  seen  from 
the  following  table : 

HEAT  OF  FORMATION  OF  THE  CHLORIDES. 

Li  CI,  938  K. 
Na  CI,  976  K, 
KCl,  1043  K. 

A  distinctive  feature  of  the  chemistry  of  the  alkali  metals  lies  in 
the  fact  that  the  salts  of  these  metals  are  almost  without  exception 
soluble  in  water;  they  can  be  produced  by  neutralizing  the  hydroxide 
solutions  with  the  various  acids. 

The  carbonates  of  the  alkalis  are  soluble  in  water,  differing  in 
this  way  from  those  of  the  alkaline  earths,  however,  being  the  car- 
bonates of  the  most  positive  metals,  they  are  not  decomposed  by 
heat,  as  are  the  same  salts  of  all  other  elements;  the  carbonate  of 
the  least  metallic  element  of  the  alkali  family  (lithium)  is  also  the 
least  soluble  in  water;  the  solubility  of  the  carbonates,  as  we  pass 
from  member  to  member  in  this  group,  increases  with  the  increase 
in  the  metallic  character,  and  hence  of  the  atomic  weight  of  the 
alkali  metal  producing  the  salt.     The  most  important  carbonates  are 
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those  of  sodium  and  of  potassium  and,  as  sodium  carbonate  (common 
soda)  is  of  great  commercial  importance,  it  is  advisable  to  enter  into 
a  brief  description  of  the  process  of  its  manufacture. 

Sodium  carbonate  occurs  in  some  mineral  waters  (Karlsbad)  and 
as  a  remainder  after  evaporating  the  water  of  alkaline  lakes,  it 
is  further  a  consituent  of  the  ashes  of  &ea-plants,  *  and  it  was  from 
these  latter  that  the  soda  of  commerce  was  made  up  to  the  end  of 
last  century.  Daring  the  period  of  the  French  Revolution  a  large 
reward  was  oifered  for  the  discovery  of  a  process  by  means  of  which 
sodium  carbonate  could  be  prepared  from  the  chloride,  as  the  latter 
substance  was  a  product  which  was  both  cheap  and  easily  purified. 
Nicholas  LeBlanc,t  owuig  to  tliis  inducement,  discovered  a  process 
which  has  been  used  with  but  little  modification  up  to  the  present 
day.  The  chemical  changes  upon  which  this  method  depends  are  as 
follows : 

Sodium  chloride  is  treated  with  sulphuric  acid,  when  hydrochlo- 
ric acid  and  primary  sodium  sulphate  are  formed: 

Na  CI  +  H2  SO,  =  Na  H  SO,  +  HCl. 

The  primary  sulphate  is  then  heated  with  sodium  chloride,  produc- 
ing hydrochloric  acid  and  the  secondary  sulphate: 

Na  CI  +  Na  HS  O,  =  Na^  80,  +  HCl. 

The  hydrochloric  acid  which  passes  off  is  absorbed  by  water  and  is 
used  as  ordinary  commercial  hydrochloric  acid. 

The  sodium  sulphate  is  next  converted  into  crude  soda  by  heat- 
ing with  anthracite  coal  and  chalk  (calcium  carbonate),  the  temper- 
ature reaching  1000°.  Despite  the  extended  attention  given  to  the 
soda  manufacture  in  the  last  few  years,  the  chemical  processes  taking 
place  have  not  been  definitely  settled,  yet  the  following  are  most 
frequently  accepted  as  nearly  correct: — Sodium  sulphate  first  is 
reduced  to  sodium  sulphide  by  charcoal: 

Na^  S  O,  +  2  C  =  Nag  S  +  2  C  O^; 

and  the  sodium  sulphide,  together  with  chalk,  then  changes  to 
sodium  carbonate  and  calcium  sulphide, 

Na^S  +  Ca  C  O3  =  Na^  C  O,  +  Ca  8. 

*  The  ashes  of  land  plants  consist  mainly  of  potassium  carbonate. 
t  Pbysician  to  the  Due  d'  Orleans. 
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The  crude  soda  is  extracted  with  water  and  the  liquors  are  evapora- 
ted, when  tolerably  pure  sodium  carbonate  crystallizes.  This,  when 
slowly  crystallized  from  water,  separates  with  ten  molecules  of  that 
substance  and  forms  crystals  of  commercial  soda,  Nag  C  0^-{- 10  H2  O. 
The  latter  effloresce  when  in  contact  with  the  air,  losing  9  molecules 
of  water  and  changing  into  a  powder,  which  has  the  composition  Nag 
C  O3  +  H,  O. 

A  modern  process,  known  as  the  ammonia-soda  process,  has  of 
late  succeeded  to  a  large  extent  in  taking  the  place  of  the  older 
method.  This  late  improvement  depends  on  the  fact  that  primary 
sodium  carbonate  is  soluble  with  difficulty.  Ammonia  solution,  sat- 
urated with  an  excess  of  carbon  doxide,  contains  primary  ammonium 
carbonate  (N  H^)  H  C  Og;  when  this  is  added  to  a  solution  of  com- 
mon salt  the  following  change  takes  place : 

(N  H,)  H  C  O3  +NaCl  =  NaH  C  Og  +  N  H.Clr 

the  primary  sodium  carbonate  (sodium  bicarbonate)  separates  as  a 
crystalline  powder,  and  the  latter,  when  heated,  gives  off  water  and 
carbon  dioxide,  leaving  the  secondary  carbonate  (see  page  280) 

2  Na  HCOa  =  Na^  C  O3  +  H2O  +  C  O2. 

The  nitrates  of  sodium  and  of  potassium  are  of  importance  in  the 
manufacture  of  gun  powder.  Sodium  nitrate  is  found  in  the  north- 
ern part  of  Chili,  *  where  it  occurs  in  extensive  deposits,  accom- 
panied by  sodium  chloride  and  other  salts  the  presence  of  which 
seem  to  indicate  that  the  formation  of  the  nitrate  is  due  to  the 
decay  of  marine  plants,  the  occurrence  of  these  deposits  in  this 
place  being  one  of  the  proofs  of  the  theory  that  this  portion  of 
South  America  was  at  one  time  submerged.  Sodium  nitrate  is  puri- 
fied by  washing  with  water  and  recrystallization ;  the  mother  liquors 
which  are  left  contain  considerable  quantities  of  the  iodides  and  are 
used  in  the  manufacture  of  iodine.  Unfortunately,  sodium  nitrate, 
because  it  is  hygroscopic,  cannot  be  used  in  the  preparation  of  gun 
powder,  so  that,  preliminary  to  the  production  of  that  explosive,  the 
nitrate  of  sodium  must  be  converted  into  nitrate  of  potassium;  this, 
is  accomplished  by  treating  a  saturated  solution  of  sodium  nitrate, 
at  boiling  heat,  with  a  solution  of  potassium  chloride,  when  a  double 

*  ProviDce  of  Tarapaca,  the  nitrate  is  called  Chili  saltpeter. 
24 
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decomposition,  accompanied  by  the  formation  of  the  less  soluble 
chloride  of  sodium,  takes  place: 

NaNOs  +KC1  =  NaCl  +  KNOj. 

The  solution  of  potassium  nitrate  is  filtered  and  allowed  to  crystal- 
lize. Potassium  nitrate  occurs  as  a  mineral  deposit  in  many  places 
where  nitrogenous  organic  matter  is  decaying  in  the  presence  of  pot- 
ash (see  page  195),  localities  in  which  this  natural  production  of 
potassium  nitrate  assumes  commercial  importance  are  found  in  Spain, 
Egypt,  Peru,  and  especially  India,  from  which  latter  country  potas- 
sium nitrate  is  exported  in  considerable  quantities. 

The  use  of  potassium  nitrate  in  the  manufacture  of  gun  powder 
depends  on  the  oxidizing  powers  of  that  substance.  When  potas- 
sium nitrate  is  mixed  with  charcoal  and  ignited,  the  following  reac- 
tion takes  place. 

2KN08  +  3C  =  C02  +  CO  +  K2C03  +  2N, 

the  carbon  dioxide,  which  is  left  in  combination  as  potassium  carbon- 
iite,  can  be  further  liberated  by  the  previous  addition  of  sulphur: 

2KN0,  +  3C  +  S  =  K28  +  3C02  +  2N. 

The  formation  of  such  a  large  amount  of  gaseous  material  from  the 
small  volume  of  solid  causes  the  explosion.  The  reaction  given  is, 
however,  only  approximately  correct,  for  other  changes,  not  definitely 
understood,  also  take  place. 

The  other  salts  of  the  alkalis  have  been  sufficiently  mentioned  in 
the  course  of  the  chapters  in  which  the  various  acids  have  been  dis- 
cussed. The  following  table  will  make  the  formulae  and  solubility 
of  some  of  the  salts  most  apparent. 

AliKAU   METALfi. 

Oxides,  Mj  O,  converted  to  the  hydroxides  by  addition  of  water. 
ISydroxides,  M  O  H,  soluble  in  water,  least  soluble  is  Li  OH,  solubility 

increases  with  increasing  atomic  weight  of  the  alkali  metal. 
•Sulphides,  M,  S,  soluble,  probably  converted  into  MSH-|-MOHby 

addition  of  water. 
SuLPHHYDRATES,  M  S  H,  soluble  in  water;  MOH-|-H,S  =  MSH  +  H,0. 
Oabbonates,  M2  C  O,  and  M  H  C  O,,  soluble  in  water,  least  soluble  is 

Li,  COs ,  solubility  increases  with  increasing  atomic  weight. 
Nitrates,  M  N  Og,  soluble  in  water,  change  to  nitrites  and  oxygen  when 

heated.    (See  page  154.) 
STTiiPHATEs,  M2  S  O4  and  M  H  S  O4.    Soluble  in  water. 
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Phosphates,  MH2PO4,  3i,HP04.M;iPO«.tiHtiaixpb<»p2LJil«ee>h;us^ 
to  seoondaiy  phoiqihafe  and  hrdroxide  dl  aQali  melass  oq  m^i^xxl 
of  water.    (See  page  231. ^ 

Slljcates,  M^  Si  O2,  Bolnble  in  vater. 

Potassium  Pebchu>rate,  K  d  0«,  potasBicin  fluosilicate«  K.  :h  F^  «i^ 
soluble  with  difficoltr  and  hence  aie  precipitated  fiviii  siixx:^iv.'«s$ 
of  potassiam  salts  br  addition  of  the  ooirespondin^  aetd&  sodium 
pyioantimonate,  Xa,  H^Sb,  CX  insolal^e  In  oold  water. 

The  salts  of  ammonium  correspond  entirely  to  the  s«dt$  v^  |v>C;ji^- 
slum,  and  hence  are  frequently  discussed  in  connection  wi;h  iht* 
alkali  metals.  Their  nature  has  been  sufficiently  e^rplaiuod  on  p^^^ 
182  and  sub. 

The  readiest  means  for  the  detection  of  the  various  alkali  luet^U 

is  by  means  of  the  spectroscope,  indeed,  caesium  and  rubidium  werv^ 

not  known  to  exist  until  the  examination  by  the  speotro^vpe  of  tht> 

residues  left  by  evaporation  of  certain  mineral  waters  r^vealixl  thoir 

presence.      The  principle  upon  which  the  use  of  the  speotrivH.v}v 

depends  is  as  follows: — Light  which  contains  waves  of  only  ou^ 

wave  length  is  monochromatic  (homogenous).     When  a  ray  of  such 

light,  passing  through  the  air,  comes  in  contact  with  a  trau$}>ar^M\t 

medium  of  greater  density  it  is  refracted  toward  a  line  normal  to  tho 

surface  of  the  latter,  and  the  smaller  the  wave-length  the  greater  i$ 

the  refraction;  for  each  wave-length  there  is  a  corresponding  index 

of  refraction,  provided  the  media  through  which  each  kind  of  livrht 

passes  remain  the  same.     If  a  ray  of  light  contains  waves  of  various 

lengths,  then  each  kind  of  wave  will  be  refracted  according  to  its 

refractive  inde^,  so  that  the  whole  will  be  separated  into  as  many 

monochromatic  rays  as  it  contained  different  wave-lengths.     Such  a 

ray  of  light,  falling  from  a  narrow  slit  upon  a  prism  the  edge  of 

which  is  parallel  to  the  slit,  produces  a  series  of  parallel  images  of 

the  opening,  and  if  the  light  consists  of  all  of  the  colors  between 

two  determined  extremes,  the  image  obtained  appears  a  continuous 

spectrum  produced  by  a  number  of  different  colored  images  of  the 

slit,  which  merge  the  one  into  the  other.     Light  which  is  emitted  by 

the  sun  or  by  white  hot  bodies,  contains   an   infinite   number  of 

different  waves  and  is  termed  white,  when  passed  through  the  prism 

it  gives   a    spectrum   containing    all    the   colors  of  the   rainbow, 

beginning  with  red  and  passing  through  the  various  modifications  of 

color,  (orange,  yellow,  green,  blue),  to  violet  at  the  opposite  extrem- 
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itv.  The  spectroscope,  ( Fig.  49)  eonsista  of  a  telescope  (A)  wMch 
throws  parallel  rays  of  light  admitted  through  a  anall  slit  at  (S) 
upon  a  prism  (P),  the  specirum  formed  is  observed  by  the  telescope 
at  B,  which  is  so  focussed  as  to  give  a  sharp  image  of  the  same,  at 
the  same  time  a  mirrored  image  of  a  millimeter  scale  photographed 
and  placed  in  C,  is  so  retiected  as  to  be  visible  above  the  spectrum 
svhen  the  observer  glances  through  B, 

The  ipeetram  of  a  white  hot  *olid  when  so  observed  is  continu- 
ous, but  this  is  not  the  cBse  with  irlowing  gases.     These,  when  exam- 


ined by  the  spectroscope,  show  a  nnmber  of  bright,  colored  lines 
upon  a  black  or  nearly  black  backgronnd.  The  colon  and  relative 
position  of  the  lines  are  definite  ones  for  each  individual  glowing 
gas,  and  are  always  different  for  gases  of  differing  chemical  compo- 
sition. The  reason  for  the  appearance  of  these  lines  is  that  the 
glowing  gases  emit  light  only  of  certain  determined  wave-lengths, 
the  varieties,  and  hence  the  colors,  of  which  are  generally  few  is 
number,  as  a  consequence,  light  of  each  wave-length  being  refracted 
according  to  its  index  of  refraction,  appears  in  a  different  place  on 
the  spectrum  as  a  sharp  line  of  the  color  belonging  to  that  particular 
wave-length. 
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The  flame  of  a  Buusen  buruer  is  not  luminous,  but  if  a  platinum 
"wire  is  placed  in  it,  the  latter  becomes  heated  and  emits  a  white  light. 
If,  now,  the  wire  is  coiled  as  in  Fig.  50,  aud  is,  after  moistening  with 
a  little  hydrochloric  acid,  dipped  into  a  little  sodium  chloride,  the 
adhering  salt,  when  brought  into  the  flame,  will  be  vapor- 
jraj       ize  and  will  emit  a  pure  yellow  light;  in  the  same  way, 
^sf      potassium  will  be  violet;*  lithium  or  strontium  red;  cop- 
(         per,  barium  or  thallium,  green;  zinc,  blue,  etc.f     If  the 
I  yellow  sodium  light  is  observed  by  means  of  a  spectro- 

scope, a  bright  yellow  line  in  a  dark  background  is  seen 
to  appear.     The  position  of  this  yellow  line  corresponds 
to  the  position  occupied  by  yellow  in  the  continuous  spec- 
trum.    Lithium  will  show  a  red  line  and  a  less  marked 
yellow  one,  potassium  a  red  line  and  a  blue  one.     In  fact, 
each  individual  metal  displays  characteristic  lines  in  def- 
finite  parts  of  the  spectrum,  while  the  lines  of  no  two 
FiauRE90.  metals  correspond  exactly.    In  order,  then,  to  discover  the 
presence  of  any  metal  or  metals  in  a  mixture,  it  is  only  necessary  to 
place  volatile  compounds  of  those  elements  in  the  not-luminous  flame 
and  then  to  observe  the 
spectrum    bo    produced. 
The  minutest  traces  can 
be  detected  In  this  way. 
If  a  not-luroinous 
flame  is  placed  in  front 
of   a   luminous   back- 
ground which  emits  a 
white  light,  and  if  then 
some  sodium  salt  is  vol- 
atilized in  this  not-lum- 
inous flame,  the  spectro- 

.„     ,  FiauRE  51. 

scope  will  snow  a   con- 
tinuous  spectrum,  due   to   the   white   light,  with  this  difEereuce, 
however,  that  in  the  place  where  the  yellow  band  of  light  belonging 

■  Best  Been  wheo  the  potassium  flame  Is  observed  tlicougli  a  piece  o[  Sine  glass 
When  sodium  Is  also  present,  the  blue  absorbs  the  yellow  ra^s  wbile  permlttlug  the 
violet  lo  para  tlirougli. 

tTbe  contraatlngcolorsoCtlie  various  flames  can  be  best  observed  by  using  a,  lamp 
wim  lour  or  flve  burners  (Pig.  Bl)  anfl,  after  flilnR  platinum  wires  la  the  stands,  as 
ahowD  In  tt»e  flgure,  brlnBlne  the  entire  number  simultaneously  Into  the  lighted  biimers. 
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to  the  sodium  spectrum  usually  occurs,  there  is  now  seen  a  black 
band,  this  phenomenon  being  due  to  the  fact  that  when  a  ray  of 
white  light  containing  all  colors  is  passed  through  a  glowing  gas 
which  emits  light  rays  only  of  certain  definite  colors,  this  glowing 
gas  is  able  to  absorb  from  the  white  light  the  rays  of  exactly  the 
same  color  which  it  itself  emits.  It  follows  that  when  white  light  is 
passed  through  the  glowing  vapor  of  a  potassium  compound  there 
will  appear  on  the  continuous  spectrum  a  dark  line  in  the  red  and 
one  in  the  blue;  in  the  case  of  lithium,  a  dark  line  in  the  red  and 
one  in  the  yellow,  etc.  Such  spectra  are  called  absorption  spectra. 
The  spectra  of  the  sun  and  of  the  fixed  stars  are  not  perfectly  con- 
tinuous, but  are  traversed  by  a  series  of  fine,  dark  lines  which  have 
been  proven  to  correspond  exactly  to  the  absorption  spectra  of  the 
glowing  vapors  of  elements  with  which  we  come  in  contact  on  the 
earth ;  the  spectra  of  the  sun  and  the  fixed  stars  are  therefore  absorp- 
tion spectra,  caused  by  the  white  light  of  the  glowing  central  mass 
passing  through  the  surrounding  chromosphere,  which  latter  must 
contain  a  number  of  elements  in  the  state  of  glowing  vapors;  and 
those  elements  are  identical  with  the  ones  encountered  on  the  earth.* 
By  means  of  the  spectroscope  we  have  therefore  been  able,  to  a  great 
extent,  to  analyze  the  composition  of  glowing  gases  which  surround 
the  sun  and  the  fixed  stars. 

*Some  lines  appear  in  the  spectrum  of  the  sun  which  do  not  correspond  to  those 
emitted  by  any  known  element. 
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CHAPTER  LIII. 


COPPER,  SILVER  AND  GOLD. 

Copper,  Symbol  Cu,  atomic  weight,  63 A; 
Silver,  Symbol  Ag,  atomic  weight,  107.92: 
Gold,  Symbol  Au,  atomic  weight, 197, 3, 

These  three  elements  find  their  places  at  the  beginning  of  the 
second  section  of  the  long  periods  and,  because  the  second  portion 
of  the  latter  shows  many  points  of  resemblance  to  the  first,  we  must 
expect  copper,  silver  and  gold  to  be  in  some  respects  like  the  alkali 
metals,  of  which  family  they  form  the  secondary  group  (see  page 
351).  Naturally,  as  copper,  silver  and  gold  are  much  nearer  to 
the  not- metallic  end  of  the  long  periods  than  are  the  alkali  metals, 
we  must  not,  in  the  chemical  behavior  of  the  former,  look  for 
metallic  properties  by  any  means  so  pronounced  as  are  encountered 
with  the  latter;  this  difference  is  manifested  in  marked  degree  by 
the  fact  that  neither  copper,  silver  nor  gold  decompose  water;  the 
resemblances  between  the  elements  of  this  group  and  the  alkalis  are 
confined  chiefly  to  their  uni valence,  by  reason  of  which  each  element 
forms  halogene  derivatives  having  the  formula  MX,  corresponding 
to  those  of  the  alkali  metals,  and  to  the  isomorphism  between  the 
crystalline  form  of  some  of  the  compounds  derived  from  these  ele- 
ments in  their  univalant  condition  and  similar  compounds  of  the 
alkalis  (of  the  latter  especially  those  of  sodium);  on  the  other  hand, 
copper  and  gold  differ  very  widely  from  the  alkalis  by  being  able  to 
form  higher  oxides  and  salts  derived  from  these;  in  the  case  of  cop- 
per this  higher  oxide  has  the  formula  CuO,  of  gold,  Auj  O3.  The 
oxides  M2O  and  the  hydroxides  and  halides  derived  from  these  are 
therefore  the  typical  compounds  belonging  to  the  entire  family  com- 
prising the  alkali  metals  as  well  as  copper,  silver  and  gold,  but  those 
members  of  this  family  which  find  their  places  at  the  beginning  of  the 
secondary  division  of  the  long  periods  are  also  able  to  form  oxides  in 


376 


A  TEXT-BOOK  OF 


which  the  valence  of  the  elements  is  more  than  unity.  In  the  form- 
ation of  the  latter  oxides  the  elements  in  question  (Cu,  Ag,  Au), 
appear  as  connecting  links  between  the  elements  of  the  eighth  group 
(Fe,  Co,  Ni),  and  the  second  half  of  the  long  periods.  Copper, 
silver  and  gold  find  their  places  as  the  minima  and  the  beginning 
of  the  second  portions  of  the  curves  of  atomic  volumes;  they  are 
.  therefore  malleable,  ductile,  fusible,  electropositive  and  good  con- 
ductors of  electricity. 

Their  chief  physical  constants  are  given  in  the  following  table: 


Copper. 
Silver.. 
Gold.... 


Atomic  Weight. 


63.4 
107.92 
197.3 


Specific  Gravity. 


8.8 
10.5 
19.3 


Atomic  Volume. 


7.2 
10.2 
10.2 


Melting  Point. 


1050' 

950" 

1030* 


All  of  these  elements  are  volatilized  when  heated  in  the  flame  of 
the  oxy hydrogen  blowpipe.  They  crystallize,  as  do  the  alkali  met- 
als, in  forms  belonging  to  the  regular  system. 

The  most  important  mineral  forms  in  which  these  elements  occur 

are  given  in  the  following  table : 

Copper. — ^As  native  copper,  Lake  Superior  region,  Siberia,  Chili,  Aus- 
tralia;  as  chalcocite  (cuprous  sulphide)  CUj  S,   in   Cornwall, 
Siberia,  Saxony,  Lake  Superior;  as  chalcopyrite  (copper  pyrites) 
Cu  Fe  Sj,  similar  localities  to  chalcocite;  as  cuprite,  Cu,  O,  in 
Lake  Superior  regions;  as  melaconite,  Cu  O,  in  Lake  Superior 
regions. 
Copper  also  frequently  occurrs,  combined  with  arsenic  and  anti- 
mony trisulphides,  in  the  mineral  tetrahedrite  (grey  copper  ore,  f ahl  ore) 
which  has  approximately  the  formula,  4  (Cu2,  Agj,  Fe,  Zn,)  S,  Sb,  Sj, 
or  4  (Cuj,  Fe,  Zn)  S,  As,  Sj.    As  the  formulae  will  show,  iron  and  zinc 
accompany  copper  in  these  ores,  while  silver  is  also  frequently  encount- 
ered therein.* 

In  addition  to  the  above  sulphur  compounds,  the  basic  carbonates 
of  copper,  malachite,  Cu,  (H  0)2  C  O3,  and  lazurite,  Cug  (H  O2)  (C  Oj),,  are 
important  minerals. 

SiLVER.~As  native  silver,  in  the  United  States,  Mexico,  Peru,  Norway, 
Saxony,  Bohemia,  Siberia,  etc. 

*In  this  mineral  two  atoms  of  copper  replace  one  of  zinc  or  of  Iron  Isomorphoosly. 
The  possibility  of  this  replacement  is  probably  due  to  the  fact  that  the  size  of  the  mole- 
cule prevents  an  undue  influence  on  the  crystalline  form  by  one  or  two  atoms,  neverthe- 
less it  serves  admirably  to  Illustrate  the  necessity  of  great  caution  in  using  the  laws,  of 
Isomorphism  for  the  purpose  of  determining  atomic  weights  (see  page  313}. 
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As  argentite,  Ag^  S,  isomorphous  with  chalcocite,  Cug  S;  silver  sul- 
phide also  occurs  in  conjunction  with  lead  sulphide  and  in  numerous 
minerals  in  which  it  is  combined  with  the  sulphides  of  antimony,  8b2  S3, 
arsenic,  ASj  83,  and  iron,  Fea  S,. 

-Gold.— As  native  gold  in  quartz  veins  in  conjunction  with  iron  pyrites, 
chalcopyrite,  galena  and  other  sulphides.  Gold  particles  also 
occur  in  the  gravel  or  sand  of  rivers  or  valleys  in  auriferous 
regions  or  on  the  slopes  of  mountains  or  hills  whose  rocks  con- 
tain in  some  part  auriferous  veins. 
Compounds  of  gold  are  very  infrequent  as  minerals.  The  telluride 
of  gold  and  silver,  (Ag,  Au)j  Te,  is  sometimes  found. 

Metallurgy  of  Copper. — The  copper  ores,  the  most  valuable 
of  which  are  the  oxides  and  sulphides,  are  roasted;  by  this  means  the 
volatile  compounds  of  arsenic  and  antimony  are  removed  while  the 
sulphides  of  iron,  which  are  present,  are  easily  converted  into  the 
oxides,  the  sulphur  passing  off  as  sulphur  dioxide.  If  the  material 
used  in  the  preparation  of  copper  should  contain  large  quantities  of 
quartz,  the  latter  substance  in  melting  will  attack  the  ferric  oxide 
in  order  to  form  the  silicate  of  iron,  which  can  be  run  off  in  the 
form  of  slag;  if  the  ores  used  do  not  already  contain  silicon  dioxide, 
the  latter  must  be  added  as  quartz  or  sand.  The  product  obtained 
after  the  roasting  is  much  richer  in  copper  than  the  original  ore  and 
contains  both  cuprous  and  cupric  oxides  as  well  as  the  corresponding 
sulphides.  This  material  is  again  roasted  and  the  remaining  iron 
separated  as  slag,  while  the  oxides  and  sulphides  of  copper  mutually 
reduce  each  other  as  follows: 

Cua  S  +  2  Cu2  O  =  6  Cu  +  S  O2 
Cuj  S  +  2  Cu  O  =  4  Cu  +  S  O2. 
It  is  frequently  necessary  to  repeat  the  roasting  process  several  times 
while  adding  the  coal  and  sand.  Finally,  the  fused  copper  is  stirred 
with  poles  of  green  wood.  Not  infrequently  the  copper  ores  contain 
considerable  quantities  of  silver,  so  that  the  separation  of  the  latter 
becomes  profitable.  The  processes  used  are,  however,  somewhat 
complicated  and  need  not  be  entered  into  in  this  work. 

Silver. — Considerable  quantities  of  silver  are  obtained  from 
galena  (Pb  S,  lead  sulphide)  and  separated  from  the  lead  by  the 
process  of  cupellation,  a  description  of  which  was  given  on  pages  309 
and  310.  The  quantities  of  silver  in  the  lead  ore  may  so  vary  that 
at  one  time  the  silver  is  the  chief  product  of  the  process,  while  at 
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Copper  forms  two  oxides,*  cuprous  oxide,  Cuj  O,  and  cupric 
oxide,  Cu  O.  Cuprous  oxide  is  found  in  nature  as  the  mineral  cup- 
rite, occurring  in  octahedra  or  in  cubes;  in  the  laboratory  the  oxide 
can  be  produced  by  heating  a  mixture  of  copper  and  cupric  oxide 

to  a  red  heat: 

Cu  +  GuO  =  Cn20. 

A  hydroxide  corresponding  to  this  oxide  is  unknown,  however, 
when  a  solution  of  copper  sulphate,  mixed  with  glucose,  is  warmed 
with  alkalis,  a  yellow  precipitate  which  has  the  formula  4  Cuj  O 
+  Ha  O  is  produced,  this  substance  is  not  completely  dehydrated 
until  a  temperature  of  360°  is  reached.  When  exposed  to  the  air  it 
rapidly  takes  up  oxygen,  forming  blue  cupric  hydroxide,  Cu(OH)2; 
cuprous  oxide  dissolves  in  ammonia  to  produce  a  colorless  fluid 
which,  however,  soon  absorbs  oxygen  from  the  atmosphere  and 
assumes  a  deep  blue  color.  Cuprous  oxide  is  very  easily  decom- 
posed by  many  oxy-acids,  and  for  this  reason  very  few  cuprous  salts 
are  known;  dilute  nitric  or  sulphuric  acids  attack  it,  liberating 
metallic  copper  and  producing  the  corresponding  cupric  salts: 

Cu2  O  +  Ha  S  O,  =  Cu  8  O,  +  Ha  O  +  Cu. 

The  most  important  cuprous  salts  are  the  cuprous  halides. 

Cuprotcs  chloride,  Cu  CI,  is  a  white  solid  which  is  with  difficulty 
soluble  in  water.  In  this  respect  it  resembles  the  corresponding 
chloride  of  silver.  Like  the  latter  it  is  readily  dissolved  by 
ammonia,  with  which  it  forms  a  substance  having  the  formula 
N  Hg  Cu  CI;  the  latter  compound  possibly  consists  of  ammonium 
chloride,  N  Hg  H  CI,  with  th^  difference  that  one  atom  of  hydrogen 
has  been  replaced  by  copper,  so  that  in  the  formation  of  this  body 
cuprous  chloride  would  act  as  does  hydrochloric  acid  in  ammonium 
chloride.  Cuprous  chloride  is  readily  oxidized  when  exposed  to 
the  air. 

Cuprous  iodide  is  the  only  iodide  of  copper  which  exists.  It  is 
formed  by  adding  the  solution  of  an  iodide  to  a  copper  sulphate 
solution;  the  cupric  iodide,  which  we  would  expect  to  have  formed, 
at  once  breaking  down  into  cuprous  iodide  and  iodine: 

Cu  S  O,  +  2  K  I  =  Ka  S  O,  +  Cu  I  -f  I.t 

*  An  oxide  Giu  O  has  also  been  described. 

tThe  iodine  which  is  liberated  can  be  removed  by  the  addition  of  a  reducing  agent 
such  as  S  On  (see  page  136). 
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Cupric  oxide,  Cu  O,  is  the  most  stable  oxide  of  copper.  It  can 
readily  be  formed  by  heating  copper  in  a  current  of  air  or  of  oxygen, 
or  by  decomposing  cupric  nitrate,  Cu  (N  03)2,  (page  199,  /5).  It  is 
a  black  substance  which  readily  loses  oxygen  when  it  is  heated  in  a 
current  of  hydrogen  ( see  page  37 )  or  with  charcoal : 

Cu  O  +  C  =  Cu  +  C  O. 

Cupric  hydroxide,  Cu  (O  H)2,  is  formed,  just  as  are  the  hydrox- 
ides of  most  metals,  by  precipitation  from  the  solution  of  a  copper 
salt  upon  the  addition  of  a  soluble  hydroxide.  It  appears  as  a  blue, 
flaky  precipitate  which  readily  loses  water  when  it  is  warmed;  it 
then  turns  black  and  forms  cupric  oxide.  Ammonia  water  dissolves 
both  the  oxide  and  hydroxide;  the  solution  has  a  deep  blue  color 
which  can  be  observed  even  when  only  very  little  copper  is  present. 
Both  cupric  oxide  and  hydroxide  are  bases;  they  dissolve  in  acids  to 
form  stable  cupric  salts.  The  latter,  when  they  contain  water  of 
crystallization,  are  generally  blue  or  green. 

Cupric  chloride,  Cu  CI2,  is  formed  by  the  action  of  chlorine  on 
copper  or  by  dissolving  the  oxide  or  hydroxide  and  then  evaporating 
and  drying  at  100°;  when  anhydrous  it  is  a  brown  powder;  when 
crystallized  from  water  it  forms  green  crystals  of  the  composition 
Cu  CI2  +  2H2  O;  it  is  readily  soluble  in  water.  The  chloride  forms 
double  salts  with  the  chlorides  of  the  alkali  metals.  The  bromide 
resembles  the  chloride  in  every  respect. 

Cupric  sulphate,  Cu  S  O^  +  5  H2  O  (blue  vitriol),  is  formed  by 
dissolving  copper  in  sulphuric  acid  (page  133).*  The  commercial 
product  is  prepared  by  roasting  copper  sulphide  in  a  current  of  air, 
extracting  with  water  and  recrystallizing.  It  forms  large,  blue 
crystals  belonging  to  the  triclinic  system;  it  is  readily  soluble  in 
water.  When  exposed  to  the  air  the  crystals  effloresce  and  lose 
two  molecules  of  water  of  crystallization;  at  100°  two  more  mole- 
cules pass  off,  so  that  a  salt  of  the  composition  Cu  S  O4  +  H2  O 
is  left;  the  latter  is  probably  a  secondary  salt  of  the  hydrated  sul- 
phuric acid  having  the  formula  H4  S  O5  and  should  therefore  be 
written  Cu  Hj  8  O5.  At  230°  the  two  hydroxyle  groups  present  in 
this  salt   (see  page   149)   finally  separate  water,   leaving  a  white 

•  In  this  reaction  several  secondary  products  (cuprous  sulphide,  Cua  S,  and  com- 
pounds, Cus  S,  Cu  O,  and  Cu  S,  Cu  O)  are  produced. 
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powder  having  a  composition  expressed  by  the  formula  Cu  S  O^; 
as  soon  as  water  is  added  to  this,  a  blue  solution  containing 
Cu  S  O^  +  5  Hj  O  is  produced;  the  latter  belongs  to  a  class  of  sul- 
phates known  as  the  vitriols  (see  magnesium).  Copper  sulphate  can 
unite  with  ammonia  to  form  compounds  in  which  molecules  of 
ammonia  take  the  place  of  molecules  of  water  of  crystallization,* 
for  instance,  salts  having  the  composition  Cu  8  O4  +  5  N  H3, 
Cu  S  O,  +  4  N  H3  +  H2  O,  Cu  S  O,  +  3  N  H3  +  2  H^  O,  etc., 
are  capable  of  existence.  These  substances  furnish  examples  of  cases 
where  the  compound  of  nitrogen  and  hydrogen  plays  the  same  role  a« 
the  compound  of  oxygen  and  hydrogen  (see  page  288).  An  adequate 
chemical  explanation  for  the  reason  of  the  existence  of  salts  with 
water  of  crystallization  and  of  these  ammonium  compounds,  pro- 
vided we  adhere  to  our  present  theories  of  valence,  is  as  yet  lacking.t 
A  number  of  basic  sulphates  of  copper  have  been  described. 

Cupric  nitrate,  Cu  (N  03)2  +  3  Hj  O,  is  formed  by  dissolving 
copper  in  nitric  acid  (see  page  198)  or  by  adding  nitric  acid  to 
cupric  oxide  or  hydroxide.  The  salt  exists  in  blue,  prismatic 
crystals  which  are  soluble  in  water  and  which  break  down  completely 
into  cupric  oxide  and  nitrogen  peroxide  when  heated  (see  page  199). 

Basic  carbonates  of  copper. — The  secondary  normal  carbonate, 
Cu  C  O3,  is  unknown.  A  basic  carbonate  which  has  the  same  com- 
position as  the  mineral  lazurite  is  produced  by  adding  the  solution 
of  a  carbonate  of  an  alkali  metal  to  a  solution  of  a  copper  salt. 
The  carbonate  is  insoluble  in  water  and  has  the  composition 
Cu  (O  H)2  Cu  C  O3  or: 

Cu-OH 

)C03 
Cu— OH. 


Other  basic  carbonates  (malachite,  for  example)  occur  in  the  form 
of  minerals.     All  copper  carbonates,  when  heated  to  300°,  lose  car- 

*  The  same  is  true  of  cupric  chloride,  Ou  Cla  +  2  Ht  O,  for  a  substance  of  the  com- 
position Gu  Cit  +  2  N  Hg  is  knowu. 

t  The  nitrogen  atom  In  ammonia  is  unsaturated,  as  Is  proTed  by  the  easy  formation 
of  ammonium  compounds.  The  resemblance  between  ammonia  and  water  in  these  salts 
would  lead  us  to  suspect  that  the  oxygen  atom  is  also  unsaturated  in  water.  This  con- 
clusion is  not  very  startling  if  we  take  into  consideration  the  great  resemblance  between 
oxygen  and  sulphur,  the  latter  element  being  able  to  take  part  in  compounds  in  which 
its  atoms  are  hexaTident. 


GENERAL  DESCRIPTIVE  CHEMISTRY.  383 

bon  dioxide  and  leave  cupric  oxide.  The  green  coating  of  copper 
which  has  been  exposed  to  moist  air  is  due  to  the  formation  of  a 
basic  carbonate. 

Sulphides  of  copper. — Copper  forms  two  sulphides  which,  in 
formula,  correspond  to  the  oxides.  Cuprous  sulphide,  Cug  S,  occurs 
as  the  mineral  chalcocite  and  is  also  most  probably  a  constituent  of 
chalcopyrite,  for  the  latter  substance  is  regarded  as  a  sulpho-salt  in 
which  cuprous  sulphide  is  the  base  and  ferric  sulphide  the  acidic 

anhydride : 

Cua  8  +  Fcj  Ss  =  Cua  Fe2  S,  * 

Cuprous  sulphide  is  a  substance  which  is  formed  with  remarkable 
readiness,  for  it  can  be  produced  by  merely  pressing  copper  and  sul- 
phur firmly  together,!  or  by  heating  or  even  rubbing  copper  with  a 
sufficient  quantity  of  sulphur  to  form  cuprous  sulphide . 

Cupric  sulphide,  Cu  S,  is  produced  by  precipitating  a  slightly 
acid  solution  of  a  copper  salt  by  means  of  hydrogen  sulphide  (see 
page  95).  Cupric  sulphide  dissolves  in  hot  hydrochloric  acid, 
forming  hydrogen  sulphide  and  cuprous  chloride-  Nitric  acid  dis- 
solves it,  producing  cupric  nitrate,  Cu  (N  03)2,  while  the  hydrogen 
sulphide,  which  is  liberated,  is  oxidized  to  sulphur  (see  page  197). 
The  precipitate  is  nearly  black  and  when  moist  is  readily  oxidized  to 
cupric  sulphate  when  exposed  to  the  air: 

Cu  8  +  4  O  =  Cu  S  O,. 

When  heated  to  200°  in  a  current  of  hydrogen  it  is  changed  into 
cuprous  sulphide. 

Compounds  of  silver. — Silver  is  univalent  in  nearly  all  of  its 
compounds.  Its  most  stable  oxide  is  Agj  O,  but  oxides  having  the 
formula  Ag^  OJ  and  Ag  O  are' also  known.  The  oxide  Agj  O  is 
produced  by  adding  a  soluble  hydroxide  to  a  solution  of  a  silver 
salt.  It  is  a  black  precipitate  which  readily  dissolves  in  an  excess 
of  ammonia  (compare  with  cuprous  oxide).  When  heated  it  readily 
breaks  down  into  silver  and  oxygen. 

Silver  chloride,  Ag  CI,  one  of  the  most  characteristic  silver  salts, 

*  One-half  the  formula  weight  of  the  above  salt  would  lead  to  the  usual  formula  of 
chalcopyrite,  namely,  Cu  Fe  Sa. 

t  This  sulphurizing  action  reminds  us  forcibly  of  the  oxidation  of  copper  iu  the  air. 

^ The  existence  of  this  oxide  is  doubtful;  it  is  possibly  a  mixture  of  metallic  silver 
and  of  Aj(t  O. 
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is  insoluble  in  water  and  is  therefore  produced  as  a  white  precipitate 
when  hydrochloric  acid  or  the  solution  of  a  chloride  is  added  to  a 
solution  of  a  silver  salt: 

Ag  N  O3  +  H  CI    =  H  N  Os   +  Ag  CI* 

Ag  N  Os  +  Na  CI  =  Na  N  Os  +  Ag  CI. 

Soluble.  Soluble.  Soluble.  Insoluble. 

Owing  to  this  insolubility  the  formation  of  silver  chloride  affords  a 
ready   means   of   detecting  the   presence   of  either  silver  or  of  a 
chloride  in  a  solution.     When  silver  chloride  is  exposed  to  the  light 
it  rapidly  changes  color,  becoming  violet  at  first;  that  color  however 
soon  becomes  darker  until  the  entire  mass  turns  black.     The  same 
change  also  takes  place  with  the  equally  insoluble  bromide  or  iodide 
of  silver,  which  latter  salts  can  be  formed  by  precipitation  exactly 
as  is  the  chloride.     The  chloride  of  silver  is  sometimes  found  as  a 
mineral  the  name  of  which   is  cerargyrite.     Silver  chloride  is  very 
readily  dissolved  by  an  aqueous  solution  of  ammonia;  silver  bromide 
is  less  soluble  in  that  medium,  while  silver  iodide  is  entirely  insolu- 
ble.    When  heated  with  hydrochloric  acid,  both  the  bromide  and 
iodide  of  silver  are  converted  into  the  chloride,  but,  on  the  other 
hand,  the  chloride  of  silver  changes  into  the  bromide  when  treated 
with  cold  hydrobromic  acid,  and  both  the  chloride  and  bromide  are 
converted  into  the  iodide  when  covered  with  cold  hydroiodic  acid 
and  allowed  to  stand. f 

One  of  chief  uses  of  the  silver  halides  is  in  the  art  of  photog- 
raphy, their  application  depends  on  the  fact  that  light  effects  such 
a  change  in  these  compounds  as  to  cause  the  subsequent  formation  of 
a  film  of  finely  divided  metallic  silver  upon  those  portions  of  a  glass 
plate  which  have  been  covered  with  a  thin  layer  of  silver  halide  and 
which  have  been  acted  upon  by  the  light,  this  film  being  produced 
when  the  silver  halides  are  treated  with  certain  reducing  solutions;! 
the  unchanged  silver  halide  is  subsequently  removed  by  solutions- 
which  have  a  solvent  action  on  the  unchanged  salts  but  which  leave 
metallic  silver  untouched.  A  solution  of  this  nature  is,  for  instance,, 
one  of  sodium  thiosulphate  (hyposulphite)  Na,  Sj  Os  (see  page  150).§ 

*See  page  364. 

fXbese  changes  afford  an  excellent  example  of  the  reversability  of  many  chemical 
reactions  when  the  conditions  are  changed. 

t  So-called  developers— ferrous  sulphate,  pyrogallic  acid,  hydrochinoo,  etc. 

S  The  cause  of  the  solution  is  the  formation  of  the  soluble  double  thiosulphate  of 
silver  and  sodium,  Ags  St  Os*  Nat  St  Of 
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A  plate  covered  with  a  thin  layer  of  gelatine,  containing  some  silver 
halide  very  evenly  distributed  throughout  the  mass,  is  exposed  to 
the  light  in  such  a  manner  that  a  perfectly  clear  image  of  some 
object  to  be  photographed  is  thrown  upon  it  by  means  of  a  camera. 
The  changes  in  the  silver  salt  then  take  place  according  to  the 
intensity  of  the  light  thrown  upon  the  object.  When  the  silver  is 
finally  deposited  on  the  plate  by  means  of  the  processes  which  have 
been  outlined  above,  a  perfectly  clear  image  of  the  object  to  be 
photographed  is  left.  The  plate  so  produced  is  a  **  negative; "  the 
photograph  is  prepared  from  this  by  covering  paper  with  a  sensitive 
film  similar  to  that  which  was  used  on  the  negative  and  then  exposing 
a  piece  of  this,  placed  under  the  negative  upon  whibh  the  image 
hfus  been  fixed,  to  the  action  of  the  light;  the  picture  is  then  pro- 
duced in  such  a  manner  that,  wherever  a  dark  spot  appears  on  the 
negative,  a  light  spot  will  be  seen  on  the  photograph.  The  latter  is 
subsequently  developed  and  fixed  by  a  process  similar  to  that  used 
in  the  preparation  of  the  negative. 

The  chemical  action  of  light  on  the  silver  halides  is  not  as  yet 
definitely  understood.  The  chemical  changes  which  are  useful  in  the 
art  of  photography  are  not,  however,  by  any  means  the  only  ones 
which  we  encounter  which  are  caused  by  light  Hydrogen  and  chlo- 
rine, it  will  be  remembered,  were  entirely  without  action  on  each  other 
when  in  the  dark,  but  united  with  the  greatest  readiness  in  the  sun- 
light; the  compounds  of  carbon  and  hydrogen  (see  page  266)  are 
substituted  by  halogenes  when  placed  in  the  light  but  are  not 
attacked  in  the  dark,  while  many  vegetable  dyes  bleach  with  the 
greatest  rapidity  when  under  the  influence  of  the  sunlight.  The 
action  of  light  in  bringing  about  chemical  changes  is  much  like  that 
of  heat;  yet  not  all  light  rays  are  capable  of  causing  such  changes; 
that  power  is  reserved  only  for  those  waves  of  definite  length  which 
are  found  in  the  portion  of  the  spectrum  occupied  by  blue  and  violet 
and  in  the  dark  regions  a  short  distance  beyond  the  latter.  The 
light  rays  which  are  capable  of  causing  chemical  reactions  are  desig- 
nated as  actinic  rays. 

Silver  nitrate,  Ag  N  Og,  is  formed  by  dissolving  silver  or  silver 
oxide  in  nitric  acid;  it  is  soluble  in  water  and  is  separated  from  its 
solution  by  evaporating.*    The  salt  crystallizes  in  plates  belonging  to 

*  Silver  nitrate  in  a  pure  form  can  be  precipitated  from  its  concentrated  aqueous 
solations  by  the  addition  of  concentrated  nitric  acid,  in  which  substance  it  is  Insoluble 
or  nearly  Insoluble. 
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the  rhombic  system  and  can  be  fused  ^t  224°  without  changing  its 
composition;  the  fused  salt  is  cast  into  sticks  and  is  popularly  termed 
* '  lunar  caustic. ' '  Silver  nitrate,  is  not  changed  when  exposed  to  the 
light,  unless  some  organic  substances  (dust,  etc.)  are  brought  in  con- 
tact with  it;  it  then  turns  black,  owing  to  reduction  and  formation  of 
metallic  silver.*  Dry  silver  nitrate  absorbs  ammonia  quite  readily; 
the-  same  is  true  of  the  dry  chloride.  The  latter  substance  forms  a 
compound,  2  Ag  CI  +  3  N  Hgjf  which  loses  ammonia  when  heated. 
This  power  of  absorbing  ammonia  is  one  of  the  most  marked  resem- 
blances between  silver  and  copper  salts. 

Sulphide  of  silver ,  Aga  S,  is  formed  by  fusing  sulphur  and  silver 
together,  or  by  precipitation  from  the  solution  of  a  soluble  silver 
salt  by  means  of  hydrogen  sulphide;  the  natural  mineral  argentite, 
Aga  8,  has  a  metallic  appearance  much  like  that  of  lead;  the  pre- 
cipitated sulphide  is  black.  The  compound  is  readily  decomposed 
by  heating  with  lead  or  iron;  by  this  process  the  sulphides  of  the 
latter  metals  and  free  silver  are  produced.  The  blackening  of  silver 
when  exposed  to  the  air  is  brought  about  by  the  action  of  hydrogen 
sulphide;  the  minute  traces  of  that  gas  which  are  present  in  the 
atmosphere  attack  the  silver  and  form  silver  sulphide. 

Many  other  salts  of  silver  have  been  investigated.  Many  of 
these  display  a  tendency  to  form  double  salts  with  other  silver  com- 
pounds or  with  the  salts  of  the  alkali  metals.  For  their  description 
a  larger  work  must  be  consulted. 

Compounds  of  Gold, — Gold  forms  three  oxides,  aureus  oxide, 
Aua  O,  aurous-auric  oxide,  Au^  O^,  and  auric  oxide,  Aua  O,.  The 
first  of  these  is  produced  with  great  difficulty  and  is  of  no  great 
importance  excepting  as  an  illustration  of  the  resemblance  between  the 
compounds  of  gold,  silver  and  copper.  The  last  one,  Aua  Oj  is  both 
a  base  and  an  acid.  The  hydroxide,  Au  (O  H)8  loses  water  when 
allowed  to  stand,  changing  to  a  metahydroxide  of  the  formula 
Au  O  (O  H);  the  latter  changes  to  auric  oxide  at  150°;  at  220° 
auric  oxide  decomposes  completely  into  gold  and  oxygen.  The 
greatest  difficulty  which  is  encountered  in  the  study  of  gold  com- 
pounds lies  in  the  readiness  with  which  they  break  down  and 
separate  metallic  gold.     Auric  oxide  is  readily  dissolved  by  potas- 

•  SUver  nitrate,  when  In  contact  with  the  skin,  produces  a  black  stain. 

t Other  compounds,  Ar  01  +  3  N  Hj  and  Ar  CI  +  2  N  Hj,  have  also  been  described. 
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Slum  or  sodium  hydroxide;  the  salts  produced  are  derived  from 
meta-auric  hydroxide,  Au  Oj  H,  so  that  they  have  the  formula 
M  Au  Oa;  in  this  respect  auric  oxide  resembles  the  oxide  of  alum- 
inium (see  pages  325  and  326). 

Chlorides  of  gold. — Three  chlorides  of  gold,  corresponding  to  the 
oxides,  are  known.  They  ai'e  Au  CI,  aurous  chloride;  Aua  CI4, 
aurous-auric  chloride,  and  Au  Clg,  auric  chloride.  The  first  of 
these,  Au  CI,  is  insoluble  in  water.  When  the  substance  is  covered 
with  water  and  allowed  to  stand,  it  breaks  down  into  auric  chloride 
(which  is  soluble)  and  metallic  gold: 

3  Au  CI  =  Au  Cls  +  2  Au; 

but,  on  the  other  hand,  a  solution  of  auric  chloride,  when  evapor- 
ated, breaks  down  into  aurous  chloride  and  free  chlorine. 
—  -Anri^iihloride.'^Gold  is  dissolved  by  aqua  regia;  the  substance 
contained  in  solution  is  auric  chloride,  but  the  latter  cannot  be 
isolated  by  evaporation,  because,  as  was  just  mentioned,  it  decom- 
poses into  aurous  chloride  and  chlorine.  Gold,  when  finely  divided, 
and  treated  with  dry  chlorine,  forms  aurous-auric  chloride,  Auj  CI4, 
at  a  temperature  of  180°;  the  latter,  when  heated  to  220°,  breaks 
down  into  gold  and  auric  chloride;  the  auric  chloride  sublimes  and 
collects  on  the  cooler  surfaces.  Chlorine  does  not  attack  gold  at 
300°.  A  solution  of  auric  chloride  can  also  be  prepared  by  allowing 
aurous  chloride  to  stand  covered  with  water  (see  above);  when 
this  solution  is  carefully  evaporated,  crystals  having  the  composition 
Au  Clg  +  2  Hj  O  are  formed. 

Chloraurie  acid, — When  a  solution  of  gold  in  aqua  regia,  to 
which  concentrated  hydrochloric  acid  has  been  added,  is  evaporated, 
crystals  of  an  acid,  H  Au  CI4  +  4  Hg  O,  separate.  This  compound 
is  another  one  of  the  class  of  substances  of  which  fluosilicic 
and  fluoboric  acids  (pages  291,  318)  and  the  double  salts  of  alumi- 
nium are  examples  (see  page  325),  two  chlorine  atoms  taking  the 
place  of  one  oxygen  atom;  the  parallelism  becomes  clear  when  we 
compare  the  formula  of  potassium  aurate  with  those  of  chloraurie 
acid  and  of  its  potassium  salt : 

Aul<^  Aui^''  Aul^^» 

Potassium  aurate.    Chloraurie  acid.   Potassiumh  cloraurate. 
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Potamum  Moraurats,  K  An  GI4  can  be  produced  by  minting 
solutions  of  auric  chloride  and  potassium  chloride  and  evaporating 
to  crystallisation.  Potassium  bromoaurate,  K  Au  Br4,  and  potas- 
sium iodoaurate,  K  Au  I4,  are  also  known. 

Two  Bulphddes  of  gold,  aureus  sulphide,  Au,  S|  and  auric  sul- 
phide, Auj  S,,  are  known.  The  former  is  produced  by  treating  a 
solution  of  potassium  aurom  cyanide  (Au  C  N,  K  C  N=K  Au  (C  5)2) 
with  hydrogen  sulphide;  the  latter  by  precipitation  from  a  cold 
neutral  solution  of  auric  chloride  by  means  of  hydrogen  sulphide;  if 
the  solution  is  hot,  nothing  but  metallic  gold  separates.^ 

The  chief  compounds  discussed  in  the  last  chapter  are  given  in 
the  following  table: 

COMPOUNDS    TYPICAL   OF  THB   FAMILT,  COBBBSPONBIKO    TO  COMPOUNDS  OF  THE 

albjlja  MXTAUS. 

— — ^— ^»M     Mill  —.———»         I — -.i—i <     «   11        11^      m.*,^^.^mmmmmmmiJt^iim*mm^tm^mm^^mtmaaJhm^mmmmm 


Ctopper, 

Silver, 

Gold, 


Oxides. 


GusO 
Au«08 


Chlorides. 


CuCl* 

AgCl» 
AuCl* 


Sulphides. 


CusBt 

AgtSt 
AasBt 


ii«ia 


Cuprous  oompoimds. 
Argentic       '^ 
Aurous 


Ci 


*  Insoluble  in  water . 
t  Insoluble  in  dilute  acids. 

The  compounds  of  copper  and  silyernnite  with  ammonia. 

The  salts  of  silver  are  derived  from  the  oxide  Ags  O;  for  instance   Ag  IX  Ot« 
^si  B  O4. 

S  Decomposed  into  oxygen  and  the  metal  when  heated. 

COMPOUNDS  NOT  TYPICAL. 


Oxides. 

Hydroxides. 

Chlorides. 

Sulphides. 

Cupric  compounds 
Auric  compounds 

CuO 
Au*  Os  S 

Cu  (0  H)t 
Au(OH)8$ 

CuClj* 
Au01i*2 

CuB 
AuaBtS 

The  salts  of  copper  are  derived  from  cupric  oxide;  for  instance  Ou(N  Oi)t«  CuSOi- 

*8<^uble  in  water. 

tl  I>ecomposed  by  heat,  leaving  gold  behind. 

Auric  oxide  is  acidic  in  its  character.  It  is  also  basic,  for  the  few  gold  salts  which 
itre  known  (except  Au  01)  are  derived  from  it.  The  aurates  are  derived  from  the  hydrox- 
ide Au  Os  H;  the  salts  derived  from  the  alkalis  are  Au  Os  M.  Auric  chloride  has  the 
character  of  an  acidic  anhydride;  chlorauric  acid,  Au  CU  H,  chloraorates,  Au  CU  M. 


*  A  gold  sulphide,  An  S,  is  also  described. 
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CHAPTER  LIV. 


THE  FAMILY  OF  THE  ALKALINE  EARTHS. 

Beryllium  (^Oltuiinum) ,  symbol  Bey  atomic  weight  9. 
Magnesiumy  symbol  Mg,  atomic  weight  24.3, 
Caldumy  symbol  Ca,  atomic  weight  40, 
Strontium,  symbol  Sr,  atomic  weight  87,6. 
Barium,  symbol  Ba,  atomic  weight  137. 

The  elements  comprisiug  the  primary  group  of  the  elements  of 

the  family  of  alkaline  earths  are: 

Berylliam,    atomic  weight    9  » specific  gravity  l.6i,  atomic  TOlame   5.6. 

Magnesium,       "         "       24.3,      ."  "      1.74,      "  "      13.8. 

/Calcium.  "  ••        40  ,       "  "       14S7,       "  "       254. 

V  Strontium,         "  "        87.6,       "  "       2.60,       **  "       34.9. 

^Barium,  "  "       137  ,       •»  "       3.75,       "  "       36.5. 

Of  these,  the  first  two,  heryllium  and  magnesium,  belong  to  the 
typical  short  periods  and  therefore  resemble  the  following  three, 
calcium,  barium  and  strontium,  but  they  also  are  closely  allied  with 
the  three  elements,  zinc,  cadmium  and  mercury,  which  comprise  the 
secondary  group  belonging  to  this  family.  They  resemble  calcium, 
barium. and  strontium,  because  their  oxides,  hydroxides  and  the 
salts  derived  from  them  are  formed  according  to  the  same  formulse; 
they  differ  from  those  three  elements  and  fall  into  line  with  zinc, 
cadmium  and  mercury,  by  reason  of  the  solubility  of  their  sulphates* 
and  because  of  their  tendency  to  form  double  salts  when  their  salts 
are  brought  in  contact  with  those  of  ammonium. 

Beryllium  t  and  magnesium  are  prepared  as  metals  by  heating 
the  chloride  with  metallic  sodium : 

M  Clj  +  2  Na  =  2  Na  CI  +  M. 

*The  sulphates  of  calcium,  strontium  and  barium  are  insoluble  or  nearly  insoluble 
in  water. 

t  Beryllium  chiefly  occurs  as  a  metasilioate  of  beryllium  and  alumiaium  Imown  as 
berarlt  Beg  Alt  (^  Ot)a.  When  these  crystals  are  traosparent  and  coloced  green  by 
cliromic  oxide  they  are  called  emerald. 
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This  method  is  exactly  parallel  to  the  one  formerly  employed  in  the 
preparation  of  aluminium  (see  page  322).  The  name  glucinum  was 
first  given  to  beryllium  owing  to  the  sweetish  taste  of  the  salts  of 

this  metal. 

BeryUium  is  white  with  a  silver-like  lustre,  malleable  and  ductile;  its  melting  point 
is  lower  than  that  of  silver;  it  is  slightly  oxidized  when  heated  to  a  high  temperature; 
when  ftnelv  powdered  and  heated  it  boms  with  a  brilliant  light;  it  readily  bums  in  an 
atmosphere  of  chlorine;  dissolves  in  aqueous  hydrochloric  acid. 

Maonetium  is  silver  white,  malleable  and  ductile,  melts  at  700%  is  volatile  at  a  high 
heat;  the  metal  does  not  oxidize  in  dry  air,  but  it  readily  corrodes  in  contact  with  water; 
when  heated  above  its  melting  point  in  the  air  it  burns  with  a  most  brilliant  white 
light;  *  the  metal  also  readily  burns  in  chlorine;  it  is  easily  soluble  in  dilute  acids. 

Calcium,  barium  and  strontium  are  isolated  by  electrolizing  the 
fused  chlorides  in  a  crucible  from  which  air  is  excluded;  the  posi- 
tive electrode  is  made  of  gas  carbon,  which  is  not  attacked  by 
chlorine,  the  negative  electrode  consists  of  iron  wire.  This  method 
is  also  employed  in  preparing  the  alkali  metals.  Calcium  can  also 
be  made  by  reducing  the  iodide  by  means  of  metallic  sodium. 

Calcium^  strontium  and  ba/rium  are  yellow  with  metallic  lustre.  The  freshly  cut 
surfaces  of  the  metals  soon  become  covered  with  a  layer  of  oxide;  the  metals  must  there- 
fore be  preserved  under  petroleum  (see  page  369).  When  heated  in  the  air  they  bum 
with  a  brilliant  light   They  all  energetically  decompose  water  at  ordinary  temperatures 

The  changes  which  are  brought  about  by  the  increasing  atomic 

weights  and  volumes,  as  we  pass  downward  in  the  list  given  above, 

ate  shown  in  the  following  table : 

Beryllium  does  not  decompose  water. 

Magnesium  decomposes  boiling  water. 

Calcium  *'  water  at  ordinary  temperatures. 

Strontium  *'  "     veryreadily  at  ordinary  temperatures, 

Barium  *'  "     as  readily  as  the  alkali  metals. 

The  oxides  and  hydroxides  which  are  typical  of  the  family  have 
the  formulse  M  O  and  M  (O  H)2;  the  metals  are  therefore  divalent 
and  replace  two  atoms  of  hydrogen  in  acids. 


Beryllium 

Magnesium 

Calcium 

Strontium 

Barium 


Oxides 


BeO 

MgO 

CaO 

SrO 

BaO 


Not   changed  to  hydroxide  by  the  addition  of  water 
Slowly      ^      **         '*         "   "        **        *'      ** 
Beaddy     **      *•         "         "   "        *•        •• 


•« 


It 
t» 


•t 
t« 


(t 
ti 
t< 


t« 

ft 


•t 
It 


«• 
it 
ti 


Hydroxides. 


Be  (O  H)t 
MgfOH), 
Ga(0H)« 
8r  (O  H)a 
Ba  (O  H)a 


The  hydroxides  of  beryllium ~and  oTinagnesiiim  are  insoluble  in 
water.     The  solubility  of  the  other  three  increases  with  increasing 


*This  magnesium  light  is  rich  in  actinic  rays  and  is  used  as  a  flash  light  in  photog* 
raphy. 
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atomic  weight  (see  pages  359  and  360),  whik  the  stability  increases 
with  the  solubility. 

Be  (O  H)8  decomposes  at  about  300° ;  Be  (0  H)8  =  Be  O  +  H2  O. 

Mg  (O  H)8        "  "  a  low  red  heat;  Mg  (O  H)2  =  Mg  O  +  Hj  O. 

Ca(0H)8         ".  ♦' aWghred  heat;  Ca(PH)8  =  C^0 +H8  0. 

Sr  (O  H)8  '•  "a  white  heat;  Sr  (O  H)8  =  8r  O  +  H8  O. 

Ba-(0  H)8,  which  crystallizes  from  water  in  crystals  of  the  formula  Ba  (0H>8  + 
8  H8  O.  and  which  is  quite  soluble  in  water,  can  be  fused  without  change. 

The  oxides  and  hydroxides  are  all  strong  bases;  the  solutions  of  calcium,  strontium 
and  barium  hydroxides  have  an  alkaline  reaction.  The  hydroxide  of  beryllium,  l^eing 
that  of  the  least  metallic  of  all  the  elements,  can  also  dissolve  in  caustic  alkalis,  so  that 
under  certain  circumstances,  it  acts  as  an  acid.  The  oxide  and  hydroxide  of  calcium, 
known  riesp^cti  vely  as  quick  and  slaked  lime,  are  the  most  important  of  these  compounds. 

Caieium  oxide  is  prepared  by  heating  the  carbonate  in  '**lime 
kilns ' '  until  it  decomposes  into  calcium  oxide  and  carbon  dioxide : 

Ca  C  Oa  =  Ca  O  +  C  O2. 

The  quick  lime  so  prepared  is  more  or  less  impure,  according  to  the 
condition  of  the  limestone  or  marble  used;  when  brought  in  contact 
with  water  it  unites  with  that  liquid  to  form  calcium  hydroxide  (or 
slaked  lime);  at  the  same  time  a  large  amount  of  heat  is  developed: 

Ca  O  +  H2  O  =  Ca  (O  H),. 

If  quick  lime  is  exposed  to  the  air  it  absorbs  carbon  dioxide  and 
water.     It  then  crumbles  and  is  said  to  be  **  air  slaked.'* 

Slaked  lime  finds  its  chief  use  in  the  preparation  of  mortar. 
Mortar  is  prepared  by  stirring  together  slaked  lime  and  sand  until 
the  mass  assumes  the  consistency  of  thick  porridge.  When  placed 
between  bricks  the  mixture  gradually  hardens,  the  calcium  hydrox- 
ide  absorbing  carbon  dioxide  and  changing  into  calcium  carbonate. 
The  sand,  which  is  added,  in  all  probability  serves  the  purpose  of 
rendering  the  mortar  porous,  and  it  thereby  facilitates  the  absorp- 
tion of  carbon  dioxide;  it  certainly  does  not,  as  was  formerly  sup- 
posed, render  the  product  hard  by  forming  calcium  silicate.  A 
mixture  of  quick  lime,  aluminium  oxide  and  silicon  dioxide  forms 
Portland  cement.  The  latter,  when  brought  in  contact  with  water, 
gradually  hardens,  owing  to  the  union  of  the  calcium  and  alumi- 
nium oxides  with  the  silicon  dioxide  which  is  present.  The  chemical 
process  depends  upon  the  formation  of  hydrated  calcium  silicates  as 
well  as  of  calcium  aluminate. 

Barium  superoxide, — In  addition  to  the  ordinary  oxide,  Ba  O, 
barium  is  also  able  to  form  a  hyperoxide,  Ba  Oj  (see  pages  49  and 
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312).  This  compound  is  prepared  by  passing  oxygen  over  barium 
oxide  which  is  heated  to  redness,  or  by  heating  a  mixture  of  barium 
oxide  and  potassium  chlorate.  The  substance  is  a  greyish  powder 
which  loses  oxygen  at  a  bright  red  heat.  It  is  a  powerful  oxidizer; 
hydrogen,  boron,  carbon,  sulphur,  etc.,  are  changed  to  the  corre- 
sponding oxides  when  heated  with  it;  in  many  cases  the  tempera- 
ture of  the  mass  even  spontaneously  increases  to  redness  during  the 
process.  Barium  hy peroxide,  when  mixed  with  cold  water,  forms  a 
hydrate,  Ba  Oj  +  6  Hj  O;  boiling  water  decomposes  it,  liberating 
oxygen  and  leaving  barium  hydroxide.  Barium  hyperoxide  forms 
hydrogen  peroxide  (see  page  49)  when  treated  with  dilute  acids: 

Ba  Oa  +  2  H  CI  =  Ba  Cla  +  Hj  O,. 
In  this  respect  barium  hyperoxide  differs  radically  from  other 
hyperoxides,  for  the  latter  liberate  chlorine  when  in  contact  with 
hydrochloric  acid  (see  pages  58  and  312).  The  cause  of  this  differ- 
ence lies  in  the  fact  that  the  hyperoxides  of  manganese  and  lead 
form  intermediary  compounds  before  setting  free  the  halogene. 

The  chlorides  of  the  elements  of  this  family,  M  Clj,  are  all  solu- 
ble in  water;  those  of  beryllium  and  magnesium  decompose  when 
heated  in  a  current  of  air,  giving  off  chlorine  and  leaving  the  oxide; 
the  chlorides  of  calcium,  barium  and  strontium  are  more  stable. 
The  chloride  of  calcium  Ca  Clg  +  6  Hj  O,  melts  in  its  water  of  crys- 
tallization at  29°;  at  100°  it  becomes  anhydrous  and  then  again 
melts;  this  fused  form  of  calcium  chloride  is  deliquescent  and, 
because  it  greedily  absorbs  moisture,  is  frequently  used  as  a  drying 
agent.  The  chloride  of  strontium  is  not  deliquescent,  while  the 
chloride  of  barium  slowly  takes  up  water  from  the  air.  The  bromides 
and  iodides  are  like  the  chlorides  in  every  respect.  The  chlorides 
of  calcium  and  of  magnesium  occur  as  minerals  in  some  salt  deposits, 
the  former  as  chlorocalcite,  the  latter  as  the  extremely  deliquescent 
mineral  bischofite.  Camallite  is  a  double  chloride  of  potassium  and 
magnesium,  K  CI,  Mg  Clg  +  6  Ha  O,  which  occurs  quite  frequently 
in  the  Strassf  urth  salt  regions.  The  increasing  metallic  character  of 
the  elements  of  this  family  with  increasing  atomic  weight  is  very  well 
illustrated  by  the  behavior  of  the  chlorides  in  the  presence  of  water: 

Be  Gig  +  4  Ht  O.  completely  decomposed  into  Be  O  +  2  H  CI  when  its  solution  is 
evaporated. 

Mg  Cls  +  6  Hi  O,  completely  decomposed  into  Mg  O  +  2  H  CI  when  its  solution  is 
eTaporated. 
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CaOlg  +  6  H9  O,  partly  decomposed  Into  basic  calcium  obloride  when  heated  witli 
water. 

Sr  01s  +6  Hs  O,  not  decomposed. 
Ba  CIs  +  2  Hs  O.  not  decomposed. 

All  of  of  th-e  carbonates  of  the  members  of  this  family  are  insolu- 
ble in  water.  They  are  the  more  stable  the  more  positive  the  metal 
forming  them  is,  so  that  their  stability  increases  as  the  atomic 
weights  of  the  elements,  counting  from  above  downward,  become 
greater.  Beryllium  carbonate  is  only  capable  of  existence  as  a 
normal  salt  when  it  is  in  an  atmosphere  of  carbon  dioxide;  when 
exposed  to  the  air  it  breaks  down,  giving  o£E  carbon  dioxide  and 
leaving  a  basic  carbonate;  magnesium  carbonate  begins  to  break 
down  at  100^;  calcium  carbonate  at  a  low  red  heat,  while  strontium 
and  barium  carbonates  do  not  decompose  until  a  white  heat  is 
reached.  All  of  the  carbonates  can  be  prepared  by  precipitation 
from  solutions  of  the  salts  of  the  respective  metals  by  addition  of  a 
soluble  carbonate,  such  as  that  of  sodium.  The  following  will  serve 
as  examples: 

Naa  C  Os  +  Ba  Cl^   =  2  Na  CI      +  Ba  C  Oj 

Ka  C  0,  +  Ca  CI2    =  2  K  CI       +  Ca  C  Og 

(N  H,)2  C  O3  +  Mg  Cla  =  2  N  H,  CI  +  Mg  C  O3 


> sr 


Soluble.  Insoluble. 

The  carbonates  of  magnesium,  calcium,  strontium  and  barium, 
and  the  double  carbonate  of  magnesium  and  calcium  form  an 
extremely  important  dimorphous  and  isomorphous  group  of  minerals, 
in  some  localities  entire  mountain  ranges  are  made  up  of  these  com- 
pounds, while  the  various  amorphous  and  cryptocrystalline  varieties 
of  calcium  carbonate  known  as  chalk,  limestone  and  marble  consti- 
tute deposits  of  astonishing  magnitude  (see  page  281).  The  follow- 
ing table  gives  the  relationship  between  the  crystalline  carbonates  of 
the  elements  belonging  to  this  family : 

HBXAGOlf AL  SYSTEM,  BHOMBOHSDA.  BHOMBIC  SYSTEM. 

CaleUe  group,  ArroijonUe  group, 

Galcite  (calcspar) CaOOa Arragonite. 

Mainaesite MgCOs 

Dolomite CaCOs,  MgCOs 

BaCOs WItherite. 

SrCOs Strontianlte. 

While  magnesium  carbonate  is  not,  by  itself,  capable  of  crystallizing 
in  the  same  form  as  arragonite,  yet,  when  mixed  with  the  carbonates 
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of  manganese  and  calcium,  it  assumes  that  form;  on  the  other  hand, 
calcite  crystals  which  contain  barium  and  strontium  are  also  found. 
This  isomorphous  group  of  minerals  is  very  far  reaching,  for  the 
carbonates  of  zinc,  iron,  mauganesie  and  cobalt  also  belong  to  the 
calcite  group,  while  those  of  manganese,  iron  and  lead  are  also  found 
crystallizing  in  the  form  of  arragdnite. 

The  sulphates  of  the  elements  of  this  family  can  be  divided  into 
two  classes,  those  of  beryllium  and  magnesium,  which  are  soluble 
in  water,  and  those  of  calcium,  strontium  and  barium.  Of  the 
latter,  that  of  calcium  is  soluble  with  difficulty,  that  of  strontium  is 
less  soluble  than  that  of  calcium,  while  the  sulphate  of  barium  is 
insoluble;  these  sulphates  can  therefore  be  produced  as  white  pre- 
cipitates on  the  addition  of  a  soluble  sulphate  to  the  solutions  of 
salts  of  the  respective  m*etals.* 

Magnesium  sulphate  is  the  representative  of  a  large  number  of 
sulphates  which  are  known  as  vitriols.  The  vitriols,  with  the 
exception  of  copper  sulphate,  which  contains  five  molecules  of  water, 
all  crystallize  with  seven  molecules  of  water  of  crystallization  and 
form  a  typical  isomorphous  group  of  compounds;  the  one  exception, 
copper  sulphate,  Cu  8  O4  +  5  HLj  O,  can,  however,  crystallize  with 
seven  molecules  of  water  when  it  is  present  in  an  isomorphous  mix- 
ture with  some  other  vitriol,.  The  vitriols,  when  heated  to  100®, 
change  to  salts  having  the  composition  M  8  O4  +  Ha  O;  the  last 
remaining  molecule  of  water  passes  off  at  a  higher  temperature,  and 
for  this  reason  these  substances  are  commonly  regarded  as  being 
secondary  salts  of  the  hydrated  sulphuric  acid,  H4  8  O5,  so  that 
their  formulae  would  be  M  H2  8  Oj  +  6  H3  O.  The  following  is  a 
list  of  the  compounds  comprising  this  isomorphous  group : 

Be  Hs  S  Os  +6  Hfi  O.  beryUium  sulphate. 

Mg  HsSOs  +6HsO,  magnesium  sulphate. 

Zn  Hfi  S  Os  +  6  Hs  O,  zinc  sulphate  (white  vitriol).    . 

Fe  Hs  S  Os  +  6  Ht  O,  ferrous  sulphate  (green  vitriol). 

NiHsSOs+eHsO.  nickel  sulphate. 

Co  Hs  S  Os  +  6  Hs  O,  cobalt  sulphate. 

Cu  Hs  S  Os  +  4  Hs  0,  copper  sulphate  (blue  vitriol),  the  latter  crystallizing  with  six 
molecules  of  water  when  in  an  isomorphous  mixture.  All  of  the  vitriols  can  crystallize 
with  one  formula  weight  of  potassium  or  of  ammonium  sulphate  to  form  double  salts  of 
the  general  formula  M«  S  04^  M  S  O4  +  6  H  s  O. 

II----  -  I         -  ---■-, — ^ 

*Calciuro  sulphate  wiU  not  be  precipitated  If  the  solution  of  the  calcium  salt  is  too 
dilute.  A  solution  of  calcium  sulphate  wiU  precipitate  strontium  and  barium  salts;  a 
solution  of  strontium  sulphate  will  precipitate  barium  salts. 
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Caldum-f  strontium  and  hariurr^  sulphates  occur  quite  frequently 
as  minerals,  constituting  an  isomorphous  group  belonging  to  the 
rhombic  system,  the  representatives  of  which  are  given  in  the 
following  table :  ' 

Anhydrite,  Ca  so  4. 
Celestlne,  Sr  8  O4. 

Barite,  BaS04. 
Barytocelestine,  (Ba,  Sr)  S  O4. 
Angleslte.  Fb  S  O^ . 

Calcium  sulphate  also  ocpurs  as  gypsum,  crystallized  with  two 
molecules  of  water  of  crystallization,  Ca  S  O^  +  2  Hj  O;  the  latter 
substance  is  frequently  found  as  a  massive  variety,  in  which  condi- 
tion it  bears  the  name  of  alabaster.  When  gypsum  is  heated  to  a 
little  above  100°  it  loses  its  water  of  crystallization  and  is  converted 
into  a  fine  white  powder  known  as  plaster  of  Paris;  this  substance, 
mixed  with  water,  once  more  unites  with  the  latter  and  changes  into 
a  firm  mass  which  has  the  composition  of  alabaster;  this  process  is 
termed  the  ** setting'*  of  plaster  of  Paris.  Many  natural  waters 
contain  calcium  sulphate  in  solution;  such  waters  are  known  as  per- 
manent hard  waters,  because  the  calcium  salt  is  not  removed  from 
them  by  boiling.  Temporary  hard  waters  contain  primary  calcium 
carbonate,  Ca  (H  C  03)3;  the  latter  substance,  however,  breaks 
down  into  carbon  dioxide  and  insoluble  calcium  carbonate  when  the 
solution  is  boiled;  the  calcium  salt  is  therefore  entirely  removed  by 
this  process.  Calcium  is  able  to  form  an  insoluble  compound  with 
soap;  hard  waters,  therefore,  form  a  precipitate  when  brought  in 
contact  with  the  latter  substance,  and  will  consequently  only  form  a 
lather  after  all  the  calcium  salts  have  been  removed  (see  page  280). 

The  tertiary  and  secondary  phosphates  of  the  elements  belonging 
to  this  family  are  all  insoluble  in  water;  the  primary  phosphates  are 
soluble;  as  a  consequence,  the  tertiary  phosphates  are  dissolved  on 
addition  of  the  stronger  acids,  such  as  hydrochloric  or  nitric.  The 
tertiary  phosphate  of  calcium  is  the  only  one  of  these  which  occurs 
as  a  mineral,  being  known  as  phosphorite  or  osteolite,  Caj  (P  0^)2, 
often  found  in  massive  deposits  which  are  especially  extensive  in 
Florida;  guano  is  tertiary  calcium  phosphate  which  is  mixed  with  a 
number  of  impurities,  such  as  calcium  carbonate,  magnesium  car- 
bonate, gypsum,  etc.  A  double  salt  of  calcium  phosphate  and 
calcium  chloride  is  fotmd  in  crystals  belonging  to  the  hexagonal 
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system  and  is  called  apatite,  Ca,  (P  O^),  +  Ca  CI,.  In  addition  to 
the  mineral  occurrences,  calcium  phosphate  is  the  chief  constituent 
of  the  inorganic  portions  of  the  bones  (see  page  203),  of  the  ashes 
of  which  it  forms  85  per  cent.  The  reactions  relating  to  the  conver- 
sion of  the  tertiary  phosphate  into  the  soluble  primary  one  are  given 
on  pages  219  and  220.  The  soluble  primary  phosphate  of  calcium, 
mixed  with  gypsum  and  other  impurities,  is  called  superphosphate 
and  is  used  as  a  foundation  for  the  mixtures  which  find  their  way 
into  the  market  as  artificial  fertilizers;  of  course  the  phosphate  must 
be  in  a  soluble  form  in  order  to  be  readily  absorbed  by  plants;  this 
conversion  of  the  tertiary  into  the  primary  phosphate  is  effected  by 
means  of  sulphuric  acid: 

Ca,  (P  0,)j  +  2  Hj  S  O4  =  Ca  (H,  P  O,)^  +  2  Ca  S  O,. 

The  value  of  a  fertilizer  is  determined  by  the  amount  of  soluble 
phosphate  which  it  contains. 

Magnesium  phosphate  behaves  exactly  as  does  calcium  phosphate, 
the  tertiary,  secondary  and  primary  phosphate  being  known;  the 
latter  is  soluble  in  water.  The  most  important  phosphate  of 
magnesium  is  the  insoluble  ammonium  magnesium  phosphate, 
Mg  (N  H)^  P  0^;  the  formation  of  this  as  a  precipitate  may  be  used 
as  a  test  either  for  the  presence  of  magnesium  or  of  phosphoric  acid 
in  a  solution.  The  salt  is  produced  by  adding  a  soluble  phosphate 
to  a  mixture  of  a  soluble  magnesium  salt  with  ammonia  and  ammon* 
ium  chloride.  If  ammonia  alone  were  added  to  a  solution  contain- 
ing a  magnesium  salt,  a  portion  of  the  latter  would  be  decomposed 
and  the  base  precipitated  as  magnesium  hydroxide,  while  a  part 
would  remain  in  solution  as  a  double  salt  of  magnesium  and 
ammonium,  for  magnesium  salts  have  the  power  of  forming  com- 
pounds with  ammonium  salts  and  these  compounds  are  not  decom- 
posed by  ammonia: 
2MgSO,  +  2NH3+2H2  0=Mg(OH)2  +  (NH,)2SO„MgSO,. 

The  previous  addition  of  an  ammonium  salt  to  a  solution  containing 
a  salt  of  magnesium  therefore  prevents  any  precipitation  of  mag- 
nesium hydroxide  by  means  of  ammonia.  When  ammonium-mag* 
nesium  phosphate  is  heated  it  loses  ammonia  and  changes  into  the 
secondary  phosphate  of  magnesium: 

Mg  N  H,  P  O4  =  Mg  H  P  O,  +  N  Hs, 
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ftnd  tlie  latter  (m  further  heating  loses  water  and  leaves  magnesinm 
pyrophosphate  (see  page  220) : 

2  Mg  H  P  O,  =  Mga  Pa  O,  +  Ha  0. 

Arsenic  a&id  reacts  similarly  to  phosphoric  acid.  It  forms  an 
Ammonium-magnesium  arsenate,  Mg  N  H^  As  O4.  The  precipitate 
formed  is  not  to  be  distinguished  from  ammonium-magnesium  phos- 
phate; if  both  arsenic  and  phosphoric  acid  are  present  in  solution 
the  arsenic  acid  must,  therefore,  previous  to  precipitation,  be  reduced 
to  arsenious  acid  by  means  of  sulphur  dioxide. 

The  hypochlorite  of  calcium  when  mixed  with  calcium  hydroxide 
ftnd  calcium  chloride  is  known  as  chloride  of  lime.  Because  of  the 
invariable  occurrence  of  calcium  chloride  in  conjunction  with  cal- 
cium hypochlorite,  the  theory  is  not  infrequently  maintained  that 
<^cium  hypochlorite  is  in  reality  a  mixed  chloride  and  hypochlorite 
of  calcium  having  the  formula: 

^*{ci  • 

fiuch  a  body  would  have  the  same  composition  by  weight  as  an  equi- 
molecular  mixture  of  calcium  chloride  and  calcium  hypochlorite, 
Ca  CI,  -f  Ca  (O  Cl)2  r=  2  Ca  (O  CI)  CI.  The  reactions  peculiar 
to  calcium  hypochlorite  have  been  explained  on  pages  116  and 
117. 

The  chlorates  and  nitrates  of  calcium,  barium  and  strontium  are 
soluble  in  water  and  are  extensively  used  in  the  manufacture  of 
Oreek  fire;  the  chlorate  of  strontium  when  mixed  with  oxidizable 
substances  and  ignited,  gives  an  intensely  red  light,  while  that  of 
barium  produces  a  green  one. 

The  silicates  of  calcium  are  of  the  greatest  importance  because  of 
the  fact  that  they  are  essential  to  the  manufacture  of  glass.  Cal- 
cium metasilicate,  Ca  Si  O3,  occurs  as  the  mineral  woUastonite,  and 
ft  great  many  other  naturally  occurring  silicates  contain  calcium 
(see  page  296);  these  silicates  are,  however,  crystalline  in  their 
structure,  while  the  artificial  silicates  are,  as  a  rule,  amorphous. 
Olass  consists  of  a  vitreous  mixture  of  the  silicates  of  the  alkalis 
^nd  of  calcium  with  silicon  dioxide;  in  some  forms  of  glass,  how- 
ever, lead  oxide  may  replace  calcium  oxide.  Ordinary  window 
^lass  is  produced  by  fusing  sand,  calcium  carbonate  and  sodium  car- 
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bo4ate  together,  the  silicate  of  calcium  and  sodium  so  formed  is, 
in  reality,  of  a  crystalline  structure,  but  the  latter  is  concealed  by 
the  vitreous  mass  of  silicon  dioxide;  such  a  glass  is  readily 
attacked  by  reagents  and  even  by  the  continued  action  of  water 
and  after  it  has  been  attacked  for  some  time  the  crystalline  con- 
dition becomes  apparent.  Window  glass  is  first  blown  and  then 
cut  into  suitable  pieces;  for  that  reason  it  is  more  or  less  irregular 
in  thickness  and  does  not  present  a  perfectly  smooth  surface.  Plate 
glass  has  essentially  the  same  composition,  but  is  cast  on  flat  plates 
and  finally  polished.  Bohemian  glass  is  made  by  fusion  of  potas- 
sium carbonate,  a  little  sodium  carbonate,  silicon  dioxide  and 
calcium  carbonate.  The  replacing  of  the  sodium  carbonate  by 
potassium  carbonate,  with  the  resulting  formation  of  a  potassium- 
calcium  silicate,  renders  the  glass  difficultly  fusible.  Bohemian 
glass  is  used  for  the  manufacture  of  chemical  apparatus,  a  further 
advantage  belonging  to  this  variety  being  in  the  fact  that  it  is  not 
readily  attacked  by  chemical  reagents.  Bottle  glass  contains  more 
calcium  silicate  than  either  of  the  above  varieties;  it  is  frequently 
colored  green  by  the  presence  of  ferrous  silicate.  The  commoner 
bottles  are  made  from  impure  materials.  Flint  glass  is  of  similar 
composition  to  ordinary  lime-soda  glass  with  the  exception  that  the 
lime  is  replaced  by  lead  oxide;  it  is  characterized  by  having  a  very 
high  index  of  refraction,*  bright  lustre  and  high  specific  gravity;  it 
is  the  most  fusible  variety  of  glass. f  Flint  glass  is  used  in  the 
manufacture  of  optical  instruments  and  in  some  chemical  appar- 
atus. Strass  is  flint  glass  which  is  very  rich  in  lead;  it  is  used 
for  making  artificial  gems.  Glass  is  stained  by  adding  inorganic 
coloring  matter;  thus,  blue  glass  is  produced  by  adding  a  little 
cobalt  salt,  green  glass  by  copper  and  chromium,  etc.  The  vari- 
ous glass  utensils  which  are  used  must  be  previously  annealed  by 
a  very  slow  cooling  process;  if  this  precaution  is  not  taken,  the 
outer  surfaces,  cooling  more  rapidly  than  the  remainder  of  the 
mass,  establish  such  a  tension  that  the  slightest  scratch  upon  the 
surface  will  cause   the  entire  object  to  be  shattered.      This  con- 

*The  index  of  refraction  for  flint  glass  is  1.8,  while  that  of  window  glass  is  1.63. 

tin  working  with  lead  glass  care  must  be  talcen  not  to  bring  the  same  into  the 
reducing  flame  (see  page  271),  which  is  that  portion  immediately  outside  of  the  centra] 
zone,  otherwise  a  part  of  the  lead  silicate  will  be  reduced  and  lead  will  separate;  the 
latter  renders  the  glass  black  and  opaque. 
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dition  is  best  shown  in  the  so-called  Prince  Rupert's  drops. 
The  latter  are  made  by  fusing  glass  and  allowing  the  drops  to 
fall  into  water;  when  the  end  of  the  small  pear-shaped  mass  so 
formed  is  broken,  the  drop  disintegrates  into  a  sandy  mass  with 
explosive  violence. 
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CHAPTEB  LV. 


ZINC,  CADMIUM  AND  MERCURY. 

Zine,  symbol  Zn,  atomic  might  65.3. 
Cadmium,  symbol  Cd,  atomic  weight  112, 
Mercury,  symbol  Hg,  atomic  weight  200. 

Zinc,  cadmium  and  mercury  form  the  secondary  group  of  -  the 
family  of  the  alkaline  earths.  They  are  the  second  elements  of  the 
second  halves  of  the  long  periods,  while  calcium,  strontium  and 
barium  occupy  the  same  position  in  the  first  halves.  As  a  conse- 
quence they  bear  much  the  same  relationship  to  the  alkaline  earths 
as  copper,  silver  and  gold  bear  to  the  alkalis.  The  typical  oxides  and 
hydroxides  as  well  as  the  salts  derived  from  the  latter  are  therefore 
of  the  same  formula  when  formed  of  zinc,  cadmium  and  mercury  as 
they  are  with  calcium,  strontium  and  barium.  In  both  divisions  of 
the  family  the  metals  are  divalent,  so  that  the  oxides  have  the  gen- 
eral formula  M  O  and  the  hydroxides  M  (O  H)2. 

In  their  physical  characteristics  the  three  elements  are  all,  most 

certainly,  metallic  in  their  nature  but  zinc,  the  one  with  the  least 

atomic  weight,^  is  less  positive  than  the  other  two.     The  change  in 

physical  character  brought  about  by  the  increasing  atomic  weight, 

as  we  pass  from  zinc  to  mercury,  is  shown  in  the  following  table: 

Zinc,  atomic  weight  65.3,  specific  gravity  7.16,  atomic  volume  9.1,  melting  point  417'. 
Cadmium,    ••  ••       112  ,       "  "        8  65,       "   •       "        12.9,       *•  ••      317'. 

Mercury,     "  ••       200  .       "     .„     "       13J$9,      •*  "        14.7,       •*  "    -89'. 

All  three  of  the  metals  are  volatile;  their  boiling  points  decrease 
with  increasing  atomic  weight,  just  as  their  melting  points  do;  this 
phenomenon,  which  is  most  strikingly  illustrated  in  the  case  of  the 
trio  of  metals  under  discussion,  is  exactly  the  reverse  of  the  changes 
in  the  melting  points  taking  place  in  the  not-metallic  families  at  the 
right  hand  extremities  of  the  periods.     It  will  be  remembered,  also, 

*  Zinc  is  also  the  element  with  the  next  lower  atomic  weight  to  that  of  gallium, 
which  element  has  many  of  the  characteristics  of  a  not-metal;  we  would  therefore 
scarcely  expect  zinc  to  present  very  marked  metallic  properties. 
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that  the  melting  points  of  the  alkali  metals  diminish  as  we  pass  from 

member  to  member  in  the  direction  of  increasing  atomic  weights^ 

and  the  same  is  true  of  the  metals  constituting  the  first  portion^  of 

the  family  under  discussion;  the  elements,  therefore,  which  comprise 

the  first  two  families,  show  decreasing  melting  points  with  increasing 

atomic  weights;    whether  the   same  is  true  of   the  boiling  points 

cannot  be  stated,  as  many  of  the  elements  cannot  be  volatilized  by 

any  of  the  means  at  our  command;  it  certainly  is  true  of  the  three 

metals  under  consideration,  for: 

Zinc  boUs  at  927°. 
Cadmium  "  "  772'. 
Mercury.     "     '*  367". 

Zinc  is  an  element  with  a  brilliant  metallic  lustre  which  "possesses 
a  bluish  tint  and  a  crystalline  structure. f  It  is  only  malleable  at 
temperatures  between  100*^  and  150^;  at  ordinary  temperatures  it  is 
easily  fractured;  at  200°  the  metal  can  readily  be  pounded  into  a 
powder;  when  heated  to  its  point  of  vaporization  in  the  air,  zinc 
burns  with  a  bluish  white  flame,  producing  zinc  oxide,  Zn  O.  The 
metal  easily  dissolves  in  dilute  acids  (see  pages  30,  198).  Solutions 
of  the  caustic  alkalis,  when  warmed,  attack  zinc,  forming  zincates 
and  liberating  hydrogen;  in  this  respect  zinc  resembles  aluminium 
and  a  number  of  other  metals  which  can  display  both  metallic 
and  not-metallic  properties;  this  behavior  is  not  unexpected  when 
we  consider  that  zinc  is  the  element  with  least  metallic  proper- 
ties in  the  group  we  are  considering  and  that  every  other  element 
following  it  in  the  same  period  also  can  display  not-metallic  properties. 

Cadmium  is  a  glistening,  tin-like  metal;  it  is  soft,  though  harder 
than  tin,  and  it  has  a  crystalline  structure;  when  heated  to  it^ 
boiling  point  in  the  air,  it  burns  like  zinc,  forming  cadmium  oxide, 
Cd  O..  The  metal  dissolves  in  acids  less  readily  th9,n  does  zinc^  but 
with  this  exception  shows  the  same  behavior.  The  metal  does  not 
dissolve  in  solutions  of  the  caustic  alkalis. 

Mercury  is  a  bluish  white  metal  which  is  fluid  under  ordi^aFy 
circumst^noes.     The  spUd  substance  (formed  at — 3^°)  is  soft  and 

*  Beryllium,  magnesium,  calcium,  strontium  and  barium  have  decreasing  meltla^ 
points  as  we  pass  along  ihe  line  In  tbe  order  namfid.  Tbd  wf^tiitf  DOiUits  ql^  fiiM^  ^^ 
A)LCQoU\l^  ar^  not  accurately  determined. 

tWhen  pieces  of  zinc  ar^  bent  a  paculiar  crepitation,  similar  to  that  of  tin,  Is 
observed  (see  page  302). 

26 
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malleable  when  pure.  Mercury  is  not  changed  in  the  air  at  ordi- 
nary temperatures;  if  heated  for  some  time  near  its  boiling  point 
and  in  the  presence  of  oxygen,  it  is  changed  to  red  mercuric  oxide, 
Hg  O;  ozone  readily  attacks  it  without  the  necessity  of  heating. 
Hydrochloric  acid  or  dilute  sulphuric  acid  do  not  dissolve  mercury; 
concentrated  sulphuric  acid,  when  hot,  attacks  the  metal  and  liber- 
ates sulphur  dioxide;  nitric  acid,  concentrated  or  dilute,  acts  upon 
mercury;  if  the  acid  is  dilute,  mercurous  nitrate  is  formed,  if  con- 
censrated,  mercuric  nitrate  is  produced;  alkalis  do  not  attack 
mercury. 

As  has  been  stated,  zinc,  cadmium  or  mercury  can  be  easily  vol- 
atilized.    The  specific  gravities  of  their  vapors  are  as  follows: 

zinc,  specific  gravity  of  vapor,  air»l,  2.36,  H:=2,  67.96;  molecular  weight,  65.3. 
Cadmium,       "         "        "      •*      air=l,  3.94,  H  =  2, 113.47;         "  "      112. 

Mercury,        *•  •*         "      "       air  =*  l,  6.83,  H  =  2, 197.    ;         **  *•      200. 

The  above  determinations  show  that  the  molecular  weight  and 
the  atomic  weight  of  each  of  the  three  elements,  when  in  the  state  of 
a  vapor,  are  identical.  Zinc,  cadmium  and  mercury,  therefore,  in 
changing  from  the  liquid  to  the  gaseous  state,  separate  at  once  into 
the  individual  atoms,  provided  our  decision  as  to  what  the  weights 
of  these  atoms  are,  is  the  correct  one;  the  only  other  elements 
which  exhibit  the  same  phenomenon  are  sodium  and  potassium  (and 
iodine  when  heated  above  1500°;  below  that  temperature  the  mole- 
cules of  iodine  are  formed  of  two  atoms  [see  page  80]).  In  the 
course  of  our  study  we  have  therefore  encountered  elements  with 
one,  with  two,  with  three  and  with  four  atoms  united  to  form  a 
molecule  of  the  gas,  the  molecules  having  three  and  four  atoms 
are,  however,  dissociated  at  high  temperatures  and  then  change  into 
those  having  two,  while  some  of  the  latter  have  already  been  disso- 
ciated into  the  individual  atoms.  Undoubtedly,  were  we  able  to 
command  a  sufficiently  high  temperature  in  the  apparatus  used  for 
determining  the  vapor  densities,  we  would  be  able  to  finally  change 
all  of  the  diatomic  molecules  into  monatomic  ones.  The  following 
gives  a  list  of  elements  of  which  it  has  been  possible  to  obtain 
specific  gravities  while  they  were  in  the  gaseous  state;  in  the  cases 
of  selenium  and  antimony  some  doubt  exists  as  to  whether  the  mol- 
ecules are,  in  reality,  triatomic  or  whether  the  vapor  density  numbers 
which  have  been  obtained  are  only  accidental. 
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MONATOMIC* 

DIATOMIC. 

TBIATOMIG. 

TXTBATOMIC. 

Sodium 

Potassium 

Zinc 

Cadmium 

Mercury 

Iodine  (above  1600*) 

Bismuth  (?) 

Hydrogen 

Chlorine 

Bromine 

Iodine  (below  000*} 

Oxygen 

Sulphur 

Selenium 

Tellurium  (?; 

Nitrogen 

Phosphorus  1  ^^}t^ 
Arsenic        f^»«f 

Ozone 

Selenium  (?) 
Antimony  (?) 

Phosphorus 
Arsenic 

The  fact  that  so  many  elementary  gases  are  formed  of  complex 
molecules  was  not  understood  when  the  theory  that  equal  volumes  of 
gases  contain  equal  numbers  of  particles  was  first  advanced;  the 
discrepancy  frequently  observed  between  the  specific  gravity  of 
the  gases  and  the  atomic  weights  of  elements  determined  by 
other  means,  therefore,  led  to  a  disbelief  in  Avogadro's  hypothesis 
and  to  considerable  confusion  in  the  determination  of  atomic  weights. 

The  principal  minerals  in  which  zinc,  cadmium  and  mercury 
occur  are  as  follows: 

Zinc  and  cadmium. — The  occurrence  of  uncombined  zinc  as  a 
mineral  is  doubtful.  Zinc  and  cadmium  occur  as  the  sulphides, 
Zn  S  and  Cd  S,  in  an  isomorphous  and  dimorphous  group  which 
also  includes  the  sulphides  of  manganese,  iron  and  nickel.  The 
sulphide  of  zinc  occurs  in  crystals  belonging  to  the  regular  system 
called  sphalerite  or  zinc-blende  and  in  hexagonal  crystals  called 
wurtzite.  The  sulphide  of  cadmium  is  isomorphous  with  wurtzite 
and  is  known  as  greenockite.  Zinc  further  is  sometimes  found  as 
ziricite,  which  is  the  oxide,  Zn  O,  colored  red  by  means  of  manga- 
nese. '  The  carbonate  of  zinc,  Zn  C  Og,  smithsonite,  is  isomorphous 
with  calcite  (see  page  393).  An  aluminate  of  zinc,  Zn  (Al  Og), 
isomorphous  with  spinell  (see  page  326),  is  also  met  with. 

Mercury  is  sometimes  found  in  small,  fluid  globules  in  places 
where  the  most  important  mineral  containing  mercury,  namely  the 
red  sulphide,  cinnabar,  Hg  8,  also  occurs.  In  addition,  amalgams 
of  mercury  with  silver  and  gold  are  sometimes  met  with. 

Zinc  is  obtained  from  its  ores  by  roasting  the  sulphide  in  a 
draught  of  air  and  by  subsequently  heating  the  oxide  so  produced 

*It  seems  scarcely  necessary  to  state  that  the  term  monatomic  means  existing  as 
molecules  formed  of  one  atom,  diatomic  of  two,  etc. 


I 
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with  charcoal.  As  zinc  is  volatilQ  at  no  very  high  temperature,  the 
mixture  of  oxide  and  charcoal  is  placed  in  earthenware  retorts  which 
are  gradually  heated;  carbon  monoxide  passes  off  during  this  pro- 


Zn  O  -I-  C  =  Zn  +  C  O. 

Finally,  the  temperature  is  increased  to  a  point  at  which  zinc  begins 
to  distill;  earthenware  receivers  are  then  placed  before  the  openings 
of  the  retorts  and  the  metal  is  collected  therein.  The  first  portions 
which  pass  over  are  deposited  on  the  walls  of  the  receivers  in  the  form 
of  a  fine  dust  which  always  contains  more  or  less  oxide  of  zinc;  this 
product,  which  is  known  as  zinc-dust,  is  very  frequently  used  as  a 
reducing  agent  in  the  laboratory.  The  fused  zinc  which  finally  col- 
lects is  generally  impure,  containing  lead,  iron  and  cadmium;  it  is 
separated  from  these  by  repeated  distillation.  The  cadmium,  hav- 
ing a  lower  boiling  point,  passes  over  first,  while  the  lead  and 
iron  remain  behind.  The  preparation  of  cadmium  is  like  that 
of  zinc.  As  cadmium  ores  generally  contain  zinc,  the  metal 
is  separated  from  the  latter  by  distillation.  Mercury  is  obtained 
by  roasting  the  sulphide,  the  mercury  which  passes  off  being 
collected  in  receivers  which  are  connected  with  the  oven.  The 
addition  of  charcoal  is  unnecessary  during  this  process,  because 
the  oxide  of  mercury  which  would  be  formed  by  roasting  the  sul- 
phide is  further  decomposed  into  mercury  and  oxygen  by  heat  (see 
page  18). 

As  has  been  mentioned,  zinc  is  a  constituent  of  the  alloy  known 
as  brass.  When  sheet-iron  is  covered  with  a  laver  of  zinc  it  is 
known  as  galvanized  iron.  Zinc  readily  forms  an  amalgam  with 
mercury;  an  extensive  commercial  use  of  this  fact  is  made  in  amaL 
gamating  zinc  battery  plates,  the  latter  being  cleaned,  dipped  in  acid 
and  rubbed  with  mercury  so  as  to  produce  a  thin  layer.  Cadmium, 
zinc  and  mercury  form  an  amalgam  which  readily  hardeng;  the 
latter  is  used  as  an  amalgam  filling  for  teeth.  AUoyg  of  cadmium 
with  lead  and  bismuth  are  used  where  a  very  low-melting  metal  lA 
required.  Alloys  of  mercury  are  termed  amalgams;  a  number  of 
these  h^^ve  definite  composition  and  crystalline  farm.  The  mature 
of  amalgams  has  been  discussed  on  page  240. 

Zinc  and  cadmium  form  but  one  oxide  apiece;  these  oxides  in 
formula  correspond  to  the  typici^  oxide  of  the  family,  M  O.     Tkft 
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hydroxides,  M  (O  H)2,  caa  be  produced  \)j  adding  soluble  hydroxides 
to  solutions  containing  salts  of  cadmium  or  zinc; 

M  CI2  +  2  K  O  H  =  2  K  CI  +  M  (O  H)^, 

however,  in  adding  a  caustic  alkali  to  a  zinc  salt,  care  must  be 
taken  not  to  use  an  excess  of  the  reagent,  for  zinc  hydroxide  acts  as 
an  acid  when  in  the  presence  of  strong  bases,  as  it  dissolves  in  the 
latter  to  form  zincates: 

Zn  (O  H)2  +  2  K  O  H  =  Zn  (O  K)^  +  2  H,  O. 

(See  pages  304  and  326);  the  zincate  so  formed  is,  however, 
decomposed  by  boiling,  zinc  hydroxide  being  precipitated;  ammonia 
water  has  the  same  effect  as  solutions  of  the  caustic  alkalis,  an 
excess  of  that  reagent  dissolving  the  precipitated  hydroxide  while 
producing  ammonium  zincate.*  Acid  solutions  of  zinc  salts,  or 
mixtures  of  ammonium  and  zinc  salts,  are  not  affected  by  ammonia. 
In  the  case  of  cadmium,  caustic  alkalis  precipitate  the  hydroxide, 
which,  however,  is  not  dissolved  by  an  excess  of  the  reagent,  cad- 
mium hydroxide  having  no  acid  properties;  on  the  other  hand, 
ammonia,  when  in  the  presence  of  ammonium  salts,  produces  no  pre- 
cipitate, for  cadmium  resembles  zinc  and  magnesium  in  the  facility 
with  which  its  salts  form  compounds  with  those  of  ammonium, 

Zn  O  is  a  white  powder;  yellow  when  heated. 

Cd  O  is  a  brown  powder. 

Zn  (O  H)2  is  a  white  powder;  changes  to  Zn  O  +  Ha  O  when 
heated. 

Cd  (O  H)2  is  a  white  powder;  changes  to  Cd  O  +  Ha  O  when 
heated. 

In  addition  to  the  methods  which  have  been  given  above,  the 
oxides  can  be  produced  by  heating  the  respective  carbonates  or 
nitrates. 

The  chloride  of  zinc  can  be  produced  by  heating  zinc  in  a  current 
of  chlorine,  or  by  dissolving  zinc,  or  the  oxide  or  hydroxide  of  the 
metal,  in  hydrochloric  acid,  evaporating  the  solution  and  distilling. 
The  fused  salt  is  cast  into  sticks  which  are  extremely  deliquescent. 
The  salt  crystallizes  from  a  concentrated  solution  of  hydrochloric 

*  Difference  between  zinc  and  magnesium,  for  ammonia  precipitates  a  portion  of 
ttie  magnesium  as  magnesium  hydroxide.  The  latter  Is  insoluble  in  an  excess  of  the 
reagent  (see  page  396). 
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acid  in  crystals  of  the  formula  Zn  CL,  +  Hg  O.  When  the  aqueous 
solution  is  evaporated  a  partial  decomposition  into  the  basic  chloride 
takes  place: 

Zn{g;  +  H0H^2a{gH  +  HCl. 

The  latter  substance,  when  heated  with  water,  finally  loses  all 
chlorine  and  changes  to  the  hydroxide  (see  magnesium  chloride, 
pages  392,  393).  The  chloride  of  cadmium,  Cd  Clg,  is  similar  to 
that  of  zinc;  like  zinc  chloride  it  is  volatile,  but  is  not  decomposed 
when  the  solution  is  evaporated. 

Zinc  sulphate,  formed  by  dissolving  either  the  hydroxide,  oxide, 
carbonate  or  the  metal  in  sulphuric  acid,  belongs  to  the  class  of  sul- 
phates which  are  termed  vitriols  (see  page  394).  Like  all  of  the 
sulphates  belonging  to  this  group,  it  is  soluble  in  water  and  crystal- 
lizes with  seven  molecules  of  water,  six  of  which  it  loses  at  100°, 
while  the  seventh  only  passes  off  at  a  higher  temperature. 

Cadmium  sulphate  does  not  belong  to  the  group  of  vitriols.  Its 
crystals  have  the  formula  3  Cd  S  0^  +  8  Hj  O. 

When  a  solution  of  the  carbonate  of  an  alkali  metal  oi:  of 
ammonium  is  added  to  the  solution  of  a  zinc  salt,  an  insoluble  bctsic 
carbonate  of  zinc  is  precipitated.  This  substance  has  a  varying  com- 
position, according  to  the  conditions  under  which  it  is  produced. 
The  normal  secondary  carbonate  of  zinc,  Zn  C  O,,  occurs  as  the  min- 
eral smithsonite,  belonging  to  the  calcite  group.  The  carbonate  is 
easily  decomposed  into  zinc  oxide  and  carbon  dioxide  when  heated. 

Cadmium  carbonate  is  precipitated  from  solutions  containing  a 
cadmium  salt  by  addition  of  a  soluble  carbonate.  Owing  to  the  more 
metallic  nature  of  cadmium,  the  precipitate  so  formed  consists  of 
the  secondary  carbonate,  Cd  C  Og. 

Zinc  sulphide  is  precipitated  from  the  neutral  or  alkaline  solu- 
tions of  zinc  salts  by  addition  of  either  hydrogen  sulphide  or  of  a 
soluble  alkaline  sulphide.*     When  so  precipitated  it  forms  a  white 

*  If  the  zinc  salt  is  the  salt  of  a  strong  acid,  such  as  hydrochloric,  nitric  or  sulphuric, 
a  portion  of  the  zinc  only  is  precipitated  as  the  sulphide,  for,  as  will  be  seen  from  the 
following  reaction,  a  portion  of  the  acid  Is  set  free  and  the  compound  so  formed  decom- 
poses the  precipitated  sulphide  in  order  to  once  more  form  a  soluble  salt  of  zinc: 

Zn  S  O4  +  Hi  8  =  Zn  8  +  H2  S  O4 
Zn  S  +  Hs  S  O4  =  Zn  S  O4  +  H2  S. 

This  difficulty  Is  not  encountered  if  the  zinc  salt  of  a  weak  acid  Is  used  or  if  ammonift  is 
previously  added  so  as  to  neutralize  any  acid  which  may  be  liberated* 
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powder;  in  a  crystalline  state  it  is  found  as  zinc-blende,  a  substance 
haying  much  the  same  color  as  ordinary  resin. 

Cadmium  sulphide  is  precipitated  from  solutions  of  cadmium 
salts,  even  if  the  latter  are  slightly  acid,  for  the  substance  is  insolu- 
ble in  dilute  acids.     The  precipitate  is  yellow  in  color. 

Mercury  forms  two  classes  of  compounds,  mercurovs  compounds, 
derived  from  the  metal  in  its  monovalent  state,  and  mereuric  com- 
pounds, derived  from  divalent  mercury.  The  same  distinction,  it 
will  be  remembered,  existed  between  cuprous  and  cupric  deriva- 
tives. 

Oxides  of  mercury:  Mercurous  oxide,  Hga  O,  mercuric  oxide, 
Hg  O.  The  former  is  produced  by  adding  potassium  hydroxide  to 
a  solution  of  mercurous  nitrate,  the  hydroxide,  which  would  be 
expected,  at  once  breaking  down  into  water  and  the  oxide : 

1.  2  Hg  N  Oa  H-  2  K  O  H  =  2  K  N  Oj  +  2  Hg  O  H, 

2.  2  Hg  O  H  =  Hga  O  H-  H,  O.* 

Mercurous  oxide  is  a  black  powder  which  is  quite  unstable;  when 

exposed  to  the  light    it  breaks  down  into  mercury  and  mercuric 

oxide : 

Hg,  6  =  Hg  H-  Hg  O.t 

Addition  of  acids  produces  mercurous  salts;  oxidizing  agents  change 

mercurous  compounds  into  mercuric  compounds. 

MercuHc  oxide  exists  in  two  forms,  according  to  the  method  of 

its  preparation;  the  one  is  red  and  of  crystalline  structure,  the  other 

is  yellow  and  amorphous.     The  red  oxide  can  be  prepared  either  by 

heating  mercury  to  just  below  its  boiling  point  in  the  presence  of 

oxygen,  when  after  a  long  time  it  becomes  covered  with  crystalline 

scales  of  the  substance  sought,  or  by  heating  mercuric  nitrate,  which 

salt  breaks  down  into   mercuric  oxide  and  nitrogen  peroxide  (see 

page  199): 

Hg  (N  Os),  =  Hg  O  +  2  N  O,. 

The  yellow  oxide  of  mercury  is  produced  by  precipitating  from 

*It  will  be  remembered  that  the  same  is  true  of  the  formation  of  the  oxide  ot  silver; 
when  a  soluble  hydroxide  is  added  to  the  solution  of  a  silver  salt,  not  the  hydroxide,  hut 
tht  CQddt,  is  precipitated : 

2AgN08+2EOH  =  2KN08  4  Aga  O  +  Hg  O. 

tThis  change  reminds  us  of  the  ones  which  we  encountered  with  many  of  the  oxides 
and  acids  of  the  not-metals. 
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solutions  of  mercuric  salts  by  the  addition  of  a  soluble  hydroxide, 
the  hydroxide  at  once  breaking  down  into  the  oxide  and  water: 

1.  Hg  (N  0,)2  +  2  K  O  H  =  Hg  (O  H)^  +  2  K  N  O3. 

2.  Hg  (O  H)^  =  Hg  O  +  Ha  O. 

Both  varieties  of  mercuric  oxide  turn  black  when  heated;  they 
resume  their  usual  color  after  cooling;  at  a  dull  red  heat  they 
decompose  into  mercury  and  oxygen  (see  page  18);  sunlight  has 
the  same  effect  as  heat.  When  mercuric  oxide  is  treated  with  an  acid 
it  produces  mercuric  salts.  All  soluble  mercury  compounds,  as  well 
as  the  metal  itself,  are  extremely  poisonous.  Under  certain  circum- 
stances mercuric  oxide  displays  slightly  acidic  properties,  so,  for 
instance,  it  is  attacked,  in  small  quantities,  by  fused  potassium 
hydroxide. 

Chlorides  of  mercury:  Mercurous  chloride  (calomel),  Hg  CI, 
mercuric  chloride  (corrosive  sublimate),  Hg  Clj.  Mercurous 
chloride  sometimes  occurs  in  a  crystalline  form  as  a  mineral.  Mer- 
curous chloride  can  either  be  prepared  by  heating  mereuric  chloride 
with  R  sufficient  quantity  of  mercury,* 

Hg  CI,  H-  Hg  =  2  Hg  CI, 

or  by  adding  hydrochloric  acid  or  a  soluble  chloride  to  a  solution 
containing  a  mercurous  salt,  for  mercurous  chloride  is  insoluble  in 
water  or  dilute  acids : 

Hg  N  Os  H-  H  CI    =  Hg  CI  +  H  N  Og, 
Hg  N  Og  +  Na  CI  =  Hg  CI  +  Na  N  O,. 

In  this  respect,  then,  mercurous  compounds  are  much  like  those  of 
silver;  indeed  all  of  the  monovalent  heavy  metals  act  alike  in  pro- 
ducing insoluble  chlorides. f 

Mercurous  chloride,  when  heated,  evaporates  without  previouslj 
melting.  The  specific  gravity  of  the  vapor  is  8.01;  the  calculated 
specific  gravity  for  a  gas  composed  of  molecules  of  the  formula 
Hg  CI  is  8.14;  in  this  respect  mercurous  chloride  differs  from 
cuprous  chloride,  for  the  vapor  density  of  the  latter  compound  leads 


•  This  operation  mast  be  carried  on  In  large  flasks  stoppered wllh  ebaik.  The  calo- 
mel then  sublimes  from  the  lower  part  of  the  flask  and  collects  ontheeooler  pertioBi. 
If  the  vessel  is  too  small,  a  portion  of  the  mercury  salt  will  evaporate. 

t  Cuprous  chloride,  Cu  01,  argentic  chloride.  Ag  Gh  aurous  chloride,  An  OI.1 
chloride,  Hg  CI,  and  thallous  chloride,  Tl  01,  are  insoluble. 
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to  a  formula  Cug  Clg.  If  mercurous  chloride  is  treated  with  a  solu- 
tion of  ammonia,  it  turns  black  and  produces  an  insoluble  compound 
which  has  the  formula  N  Hg  Hga  CI:  , 

2  Hg  Cl  +  2  N  Hs  =  N  H2  Hgj  Cl  +  N  H«  Cl; 

this  substance  is  regarded  as  being  ammonium  chloride  in  which  two 
:atoms  of  hydrogen  have  been  repla<?ed  by  mercury:* 


fH 
H 
N-<  H  ammonium  chloride,  and  "N-t 
H 
CI 


V 


^ 


H 
H 

Hg  mercurous  chloramide. 

Hg 
CI 


If  mercurous  chloride  is  boiled  with  hydrochloric  acid  it  is  converted 
into  mercuric  chloride  and-  mercury : 

2  Hg  CI  =  Hg  +  Hg  CI,. 

Sulphuric  acid,  hot  and  concentrated,  changes  it  into  a  mixture  of 

mercuric  sulphate  and  mercuric  chloride,  nitric  acid  into  mercuric 
nitrate  and  mercuric  chloride.  Chlorine  readily  converts  calomel 
into  mercuric  chloride. 

Mercuric  chloride, ^-Thie  salt  can  be  produced  either  by  heating 

mercury  in  a  current  of  chlorine,t  by  dissolving  the  metal  in  aqua 
Tegia,  or  by  dissolving  mercuric  oxide  in  hydrochloric  acid.  The 
'Corrosive  sublimate  of  commerce  is   usually   prepared   by  heating 

mercuric  sulphate  with   sodium  chloride  in  wide-mouthed  retorts; 

the  mercuric  chloride  sublimes  and  collects  on  the  cold  portions  of 

the.vessel,  while  sodium  sulphate  remains  behind: 

Hg  S  O,  +  2  NaCl  =  Hg  Cl^  +  Na,  S  O,. 

Corrosive  sublimate  is  a  transparent,  crystalline  mass  which  is 
-soluble  in  water  and  which  crystallizes  from  that  solvent  when 
evaporated;  it  crystallizes  from  aqueous  solution  in  thin  prisms; 
one  hundred  parts  of  water  at  0°  dissolve  5.73  parts,  and  at  ordinary 
temperatures  about   7  parts   of  mercuric  chloride.     The  solutions 

*It  nvill  be  remembered  that  the  same  power  of  replacing  hydrogen  in  ammonium 
•  chloride  is  found  in  the  case  of  cuprous  chloride;  the  formula  of  this  ammonium  com- 
poimd  is,  howerer,  Cu  CI,  N  Hs  or  N  Hs  Cu  CI.   Argentic  chloride,  Ag  CI,  also  possesses 
the  power  of  absorbing  ammonia. 

tThe  mercury  burns  with  a  pale  flame  and  forms  a  white  sublimate  of  mercuric 
•chloride. 
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the  red  variety  by  sublimation.  Black  mercuric  sulphide  is  also 
produced  by  rubbing  mercury  and  sulphur  together.  Mercuric  sul- 
phide is  not  attacked  by  dilute  acids;  concentrated  nitric  acid  in 
part  dissolves  it  and  in  part  converts  it  into  a  white,  insoluble  double 
compound  of.  mercuric  nitrate  and  mercuric  sulphide;  this  com- 
pound has  the  formula  Hg  (N  03)2  2  Hg  S.  Cimabar  when  heated 
turnaiblack,  and  unless  the  temperature  was  too  high  resumes  its 
original  red  color  on  cooling. 

All  mercury  compound^,  if  they  are  salts  of  volatile  acids,  are 
volatile;  if,  on  the  other  hand,  they  are  salts  of  not- volatile  acids, 
either  the  acids  themselves  or  their  decomposition  products  remain 
after  heating  (see  page  184). 


TYPICAL  COMPOUNDS  IN  THIS  FAMILY. 


Oxides. 

Hydroxides. 

Chlorides. 

Sulphates. 

Sulphides. 

Zinc 

Cadmium 

Mercury 

ZnO 
CdO 
HgO* 

Zn(OH)«t 
Cd  (0  H)« 

zncu: 

CaCl«i 
Hg  CI2  S 

Zn  8  O4  +  7  Hs  0 
3CdB04  +  8U«0 
HgS04 

ZnS»* 

rdS 

HgS 

*  Exists  in  two  varieties,  yellow  and  red. 

t  Both  basic  and  acidic  in  its  character:    Zn  (O  H)a  +  2  H  CI  =  Zn  Cl|  +  2  Ha  0  and 
Zn  (O  H)a  +  2  K  O  H  =  Zn  (O  KH  +  2  Hj  O. 

t  Readily  form  double  chlorides  with  ammonium  chloride.  The  latter  are  not 
decomposed  by  ammonia. 

I  Forms  mercuric  chloramide,  N  H»  Hg  CI,  with  ammonia. 

**SoIuble  in  dilute  acids.  ^ 

All  of  the  salts  of  the  elements  belonging  to  this  group  show  a  great  tendency  to 
produce  double  salts. 

MBRCUBOus  COMPOUNDS  (not  typical). 

HgS  O,  mercurous  oxide. 

Hg  CI,  mercurous  chloride. 

Hg  N  Os,  mercurous  nitrate. 

Mercurous  chloride  is  insoluble  in  water.  When  covered  with  ammonia  solution  it 
forms  mercurous  chloramide.  N  Ha  Hg«  CI,  the  nitrate  forms  basic  salts  on  addition  of 
water. 
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CHAPTER  LVI. 


THE  ELEMENTS  BELOXGIXG  TO  THE  PRIMARY  GROUPS 
OF  THE  FAMUilES  HI,  IV  AXD  V,  OP  THE  LONG  PERIODS. 

The  elements  comprising  the  primary  group  of  the  third  family 
hear  somewhat  the  same  relation  to  boron  and  aluminium  that  cal- 
cium strontium  and  barium  do  to  beryllium  and  magnesium.  The 
elements  are: 

Scandium,  symbol  Sc,  atomic  weight  44. 
Yttrium,  symbol  Y,  "  *'       89.1. 

Lanthanum,  symbol  La,  **  **     138.2. 

Ytterbium,  symbol  Yb,    **  "     173. 

All  of  these  elements  are  extremely  rare^  they  occur  in  an  ortho- 
silicate  known  as  gadolinite,  the  most  common  formula  of  which  is 
Beg  (Y0)2  Fe  (Si  0^)2,  and  also  in  an  extremely  complicated  salt  of 
titanic  acid  known  as  euxenite.  Considerable  uncertainty  has 
existed  as  to  the  number  of  elements  really  contained  in  this  and  in 
the  following  group,  for  some  investigators,  by  reason  of  the  pecu- 
liarities of  the  absorption  spectra  of  some  of  the  salts  of  these 
metals,  have  undertaken  to  prove  that  the  usually  accepted  number 
must  be  largely  increased. 

Scandium,  it  will  be  remembered,  was  one  of  the  elements  pre- 
dicted by  Mendelejeff  (see  page  357).  The  typical  oxide  of  these 
elements  is  Mj  Og,  corresponding  to  Bj  O^  and  Alj  Oj,  this  oxide  is 
basic  in  its  character,  it  does  not  dissolve  in  caustic  alkalis,  so  that 
these  elements  are  more  metallic  than  is  aluminium.  The  hydrox- 
,ides  have  the  formula  M  (0H)8,  the  sulphates,  Mj  (S04)8  and, 
unlike  the  sulphates  of  the  secondary  group  of  this  family*,  they 
do  not  form  alums;  this  distinction  is  similar  to  that  existing 
between  the  sulphates  of  calcium,  strontium  and  barium  and  those 
of    zinCi  ca4niium   and  mercury,  for  the  sulphates  of    the  first 

*  Sulphates  of  alumluium,  gallium,  indium,  ttaalllum. 
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three  are  insoluble,  while  those  of  the  second  three  are  soluble 
and  have  a  great  tendency  to  form  double  salts  with  the  sulphates  of 
the  alkalis. 

The  elements  comprising  the  primary  group  of  family  IV  are: 

Titanium,  symbol  Ti,  atomic  weight,  48. 
Zirconium,  symbol  Zr,     **  **       90.6. 

Cerium,  symbol  Ce,         **  '*       140.2. 

Thorium,  symbol  Th,       "  "       232.6. 

Of  the  compounds  of  these  four  elements,  those  of  titanium  are 
by  far  the  most  common ,  indeed  compounds  containing  titanium  are 
not  at  all  infrequent,  for  the  element  occurs  in  many  iron  ores; 
titanic  iron  ore  is  looked  upon  as  being  ferrous  titanate,  Fe  Ti  0„ 
the  compound  is,  however,  isomorphous  with  ferric  oxide  and  fre- 
quently occurs  in  company  with  that  extremely  important  substance; 
furthermore,  titanic  oxide  is  often  a  constituent  of  magnetic  iron 
ore,  Fcg  O^,  which  latter  substance  is  a  member  of  the  spinell  group 
(see  page  326),  so  that  it  seems  not  improbable  that  titanic  iron  is 
really  derived  from  a  hydroxide  Ti  0(0  H),  which  is  analgous  to 
AIO(OH),  if  this  relationship  is  granted,  then  titanium  can, 
under  certain  circumstances,  act  as  a  trivaJent  element,  and  this 
behavior  would  bring  it  in  line  with  cerium  (see  below).  Titanium 
dioxide  Ti  O2  is  found  in  two  mineral  forms,  brookite  and  anatas,* 
and  as  a  polymeric  form  Tig  O4,  which  is  called  rutile,  and  which  is 
isomorphous  with  a  silicate  of  zirconium,  Zr  Si  O4,  known  as  zircon, 
and  with  tin  stone  (see  page  305).  The  relationship  between  these 
three  oxides,  which  all  belong  to  elements  in  the  same  family,  and 
which  are  isomorphous,  becomes  apparent  if  we  double  the  formula 
of  the  oxide  of  tin,  thus: 

Sn  Sn  0„  tin  stone, 
Ti  Ti  O4,  rutile, 
Zr  8i  O4,  zircon. 

The  compounds  of  the  elements  of  this,  group  are  analogous  to 
those  of  silicon,  this  connection  will  be  seen  from  the  following: 

•  These  two  oxides  of  titanium  are  not  isomorphous  with  quartz  and  tridymlte, 
yet  the  f  orm-of  brookite  is  so  close  to  that  of  trldymite  that  Isomorphism  is  con> 
sldered  possible  (Oroth).    (Bee  page  2Q8). 
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Silicon, 
Titanium. 
Zirconium, 
Thorium. 


Oxides. 

Chlorides. 

Pluorides. 

Hydroxides. 

• 

Metahydroxides. 

SlOs 
TiOa 
ZrO« 

Si  Ol4* 

Tl  CU* 
Zr  CI4+ 
Th  Ol4tt 

81  P4** 

Tl  F4** 
Zr  P4** 
Th  F4»* 

SI  (0H)4 
Tl(OH4) 
Zr  (OH)  4 
Th  (OH)4 

SI  Ot  Ha 
Tl  08  Ha  (?) 

ThO« 

•  Decomposed  by  water. 

♦  Partially  decomposed  hy  water;  forming  a  basic  chloride: 


{CI  +  HOH 
01  +  HOH 
CI 


foH  ToH  To 

=  Zr^  }<P  +2HC1;  Zr  J  S^f  =  Zr  J  O 

Ici  loi  V 


CI  +  Ho  O. 
CI 


t+  Not  decomposed  except  by  hot  water. 

•♦  All  of  these  fluorides  behave  exactly  as  does  silicon  tetrafluoride;  they  form 
compounds  analogous  to  fluoslllcic  acid  and  the  fluosilicates,  (see  page  291). 
Ha  Si  F«,  fluosilicic  acid;  Ka  Si  Fe,  potassium  fluosillcate. 
Ha  Tl  Fe,  fluotitanic  acid:  Ea  Ti  P«,  potassium  fluotitanate. 

E|  Zr  Pet  potassium  fluozirconate. 
Ka  Th  Paf  potassium  fluothorate. 

The  above  table  and  the  following  foot  notes  very  plainly  show 
the  intimate  family  connection  between  silicon  and  the  three  follow- 
ing elements;  the  oxides  of  titanium  and  zirconium  resemble  silicon 
dioxide  in  the  fact  that,  after  they  have  been  heated,  they  are  inso- 
luble in  water  and  even  in  the  strongest  acids  or  alkalis,  to  be 
brought  in  solution  they  must  be  heated  with  concentrated  sulphuric 
acid  for  a  long  time,  or  they  must  be  fused  with  alkalis,  the  oxide 
of  thorium  is  somewhat  less  obstinate.  The  three  last  elements  in 
the  above  table,  having  higher  atomic  weights  than  silicon,  are  also 
more  metallic  in  their  nature,  their  hydroxides  are  consequently 
both  weak  acids  and  weak  bases.  The  salts  in  which  they  act  as 
acids  are  but  little  known,  indeed,  it  is  doubtful  if  thorium  hydrox- 
ide has  acid  properties.  The  alkali  salts,  so  far  as  known,  corre- 
spond to  the  metasilicates,  and  hence  have  the  general  formula 
Mj  XOg.  Among  the  salts  derived  from  the  hydroxides  acting  as 
bases  the  sulphates,  with  the  general  formula  M  (804)2  *re  perhaps 
the  most  prominent.  The  chemistry  of  cerium  is,  as  yet,  uncertain 
in  many  respects;  the  element  forms  two  series  of  compounds,  in  one 
of  which,  presenting  compounds  such  as  Ccg  O,,  Ce  Clj,  Ce  (NO,),, 
it  is  trivalent,  and  resembles  lanthanum,  an  element  in  the  preceding 
family,  in  the  other  it  is  tetravalent  and  by  means  of  compounds 
Ce  F4,  Ce  O2,  Ce  (804)2  it  falls  in  line  with   the  family  numbered 
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IV.  It  may  be  added  that  titanium  likewise  forms  more  than  one 
oxide,  for  a  compound  Tia  Og  and  a  sulphate  Tig  (SO^)^  have  been 
described. 

The  elements  comprising  the  primary  group  of  family  V  are :. 

Vanadium,  atomic  weight,  51.4  symbol  V. 
Columbium,     **  '*       94.         '*      Cb. 

Didymium,       ''  "       142.3     **      Di. 

Tantalum,        ''  ''       182.6     *'      Ta. 

Although  more  metallic  in  their  nature  than  the  elements  form- 
ing the  secondary  group  of  this  family,*  the  four  elements,  with 
perhaps  the  exception  of  didymium,  bear  many  points  of  resemblance 
to  the  latter;  didymium,  indeed,  has  lately  been  separated  into  two 
elements,  neodidymium  and  praseodidymium,  in  some  respects  these 
two  substances  are  very  much  like  cerium  and  lanthanum,  being 
trivalent  in  most  of  their  compounds.  Vanadium  is  the  beet  known 
of  all  of  these  elements.  This  element  is  as  much  like  arsenic  or 
antimony  as  titanium  is  like  silicon,  in  very  many  respects  it  is, 
indeed,  like  the  typical  element  of  the  family,  nitrogen,  for  it  forms 
as  many  oxides  as  the  latter,  and  these  oxides  have  similar  formulas, 
thus: 

Oxides  of  nitrogen.  Oxides  of  vanadium. 

Na  O  Va  O 

N  O  (Na  Oa)  Va  Oa 

Na  O3  Va  O3 

•  N  Oa,  Na  O,  Va  O, 

Na  O5  Va  O5 

Vanadium  occurs  in  nature  chiefly  as  the  l6ad,  zinc  or  bismuth 
salts  of  vanadic  acid.  Vanadinite  is  a  double  salt  composed  of  lead 
vanadate  and  lead  chloride  having  the  formula  3Pb8(V04)a  4-PbCla.i* 
The  element  forms  three  chlorides,  V  CI2,  V  Clj  and  V  CI4.  The 
most  important  compounds  of  vanadium  are  the  vanadic  acids,  which 
correspond  to  those  of  phosphorus  and  arsenic,  the  latter  being  ele- 
ments belonging  to  the  same  family : 

*  Arsenic,  antimony  and  bismuth. 

t  Vanadinite  is  isombrphous  with  apatite  which  has  ^  formula  3  C^a  (P  04)|  -^ 
Oa  Cls,  calcium  replacing  lead  and  vanadium  replacing  jpihosphorous  i8omorphou8ly» 
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Oxides. 

Meta-acids. 

Ortho-acids. 

Pyro-acids. 

Phosphorus 

Arsenic 

Tanadium 

Ast  Ob 

Vf  Ob 

HPO. 
HAS  Ob 
.      HVOb 

H,  PO4 
Hs  ASO4 

i*  ?»  ^A 

H4  Ast  Of 

Vanadates  of  all  these  acids  are  known,  for  instance  we  have: 

Na  V0„     sodium  metayanadate. 
Na,  VO4,         **       ortbovanadate. 

Na^  V3  O7       **       pyro vanadate. 

In  addition*  to  thef  above »  however,  more  complicated  salts  of 
polyvanadic  apids,  which  are  formed  in  the  same  manner  as  the 
polysilicic  acids,_are  known.  Free  metavanadic  acid  is  a  .golden 
yellow,  crystalline  compound.  Beducing  agents  readily  change 
vanadic  acid  into  the  lower  acid,  VjO^.  > 

ColumUum  and  tantalum  are  very  rare  elements  which  differ 
from  vanadium  just  as  much  as  antimony  does  from  arsenic,  for 
they  are  able  to  form  pentachlorides  and  pentabromides  while  the 
pentahalides  of  vanadium  have  not  as  yet  been  prepared.  Golum- 
bium  is  also  frequently  termed  niobium.  It  occurs  in  the  mineral) 
columbite,  which  is  a  metacolumbate  of  iron,  having  the/formula 
Fe  (Cb  03)3,  tantalum  is  found  as  a  metatantalat'e  of  iron,  Fe. 
(Ta  03)3.  :. 

The  brief  mention  of  the  very  rare  metals  which  have  been 
discussed  in  this  chapter  is  sufficient  to  demonstrate  the  f amily^ 
relationship  existing  between  them  and  the  much  more  common  ele- . 
ments  which  were  described  in  the  first  portion  of  the  book,  of  course ^ 
they  form  a  great  number  of  compounds)  some  of  them  very  com-' 
plicated,  which  cannot  be  taken  up  in  a  book  of  this  kind;  for  this 
study  a  large  manual  must  be  consulted.  -  ^ 
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CHAPTER  LVn. 


THE  ELEMENTS  BELOXGIXG  TO   THE   PBIMAEY  GROUP 

OF  THE  SIXTH  FAMILY. 

Chnmium^  syn^l  Or;  atomie  toeight,  52.1;  Molybdenum,  symbol  Mo; 
atomic  toeight,  96;  Tung$ten  {Wolfram)  symbol  W;  atomic 
weighty  184;  Uranium,  symbol  U;  ctiamic  weighty  239*6^ 

The  typical  elements  belonging  to  the  sixth  family,  in  the  short 
periods,  are  oxygen  and  sulphur  and,  as  has  been  shown  by  the 
arrangement  of  the  periodic  system  given  on  page  355,  the  indivi- 
duals more  immediately  connected  with  those  two  elements  are  sele- 
nium and  tellurium,  while  chromium,  molybdenum,  tungsten  and 
uranium,  having  their  positions  near  the  middle  of  the  long  periods, 
vary  much  more  from  the  eharacter  of  the  types  in  the  short  periods 
than  the  metals  which  have  been  discussed  in  the  preceding  chapters 
do.  The  metallic  nature  of  the  elements  forming  the  primary  group 
of  the  sixth  &mily  is  most  apparent  in  the  behavior  of  the  lower 
oxides  and  in  the  salts  derived  from  these;  the  highest  oxide  of  each 
element  is  the  typical  one,  XO,;  this  compound  displays  the  charac* 
ter  of  an  acidic  anhydride  although,  in  the  case  of  the  most  metallic 
element  of  the  family,  namely  uranium,  it  is  also  basic  under  some 
ciroumstanoefi.  The  salts  derived  from  the  typical  oxide,  in  formula, 
correspond  to  the  sulphates,  selenates  and  tellurates,  and  in  some 
instances  to  the  pyrosulphates  (see  page  150);  this  relationship  is 
made  apparent  by  the  following  table: 


Oxidi>». 


Adds. 


Tt?0|      U1IVO4 


Salts. 


Ma  SO. 
Ma  8t«  Oa 
Mt  T«  Oa 


Pyro-salts. 


Mt  St  Of 


Oxides. 


CrOa 
MoOt 
WOa 
UOa 


Acids. 


Salts. 


Ht  Cr04*  MaCrOi 
HaMo04t.MaMo04 
HaW04t  ;MaW04 


Di-Salts. 


Ma  Cra  Or 
Ma  Moa  O* 
Ma  Wa  Ot 
Ma  Ua  Or 


*  X\w  aeU)  l»  nol  known,  wh«a  liberated  from  its  salts  it  breaks  down  into  its 
snKvttHdis  Or  Oa.  and  water. 

tTtw  ixriho  aold,  H  4  XO4  U  alao  known. 

i'Ur«mil\un«  nu^ylHtMtnm  and  tungsten  further  form  a  number  of  Tery  oompU* 
f  aH^)  imUa  iWrtYtHt  frtun  iH^l^-^eida  wbloh  are  produced  in  a  manner  analogous  to 
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The  mo0t  marked  characteristic  of  the8«  ekskcsnti^f  and  this  they 
share  with  the  others  having  their  position  at  the  middle  of  the  long 
periods,  lies  in  the  power  which  the  individuals  possess  of  forming 
several  series  of  compounds  in  each  of  which  they  exhibit  a  differ* 
ent  valence;  so^  for  instance »  molybdenum  forms  the  chlorides 
Mo  CJj,  Mo  Clg,  Mo  C)^  and  Mo  CI5,  while  tungsten  exhibits  W  CI2, 
W  CI4,  W  CI5  and  W  Clj,  these  two  elements  possess  chlorides, 
therefore,  in  which  they  are  respectively  quinquivalent  and  hexava- 
lent,  and,  passing  backward  from  these,  we  find  a  series  of  compounds 
in  which  the  valence  successively  diminishes  by  one  until  a  minimum 
is  reached  at  di valence.  It  will  be  remembered  that  sulphur  shows 
some  resemblance  to  molybdenum  and  tungsten  by  forming  three 
chlorides  of  the  formulae  83  CI2,  S  Cla  and  S  CI4  respectively,  but  the 
latter  is  only  capable  of  existence  at  very  low  temperatures;  it  is  not 
inconceivable  therefore  that,  were  the  proper  conditions  attainable, 
a  penta  and  hexa  chloride  of  sulphur  might  also  be  produced  (see 
page  354). 

None  of  the  elements  of  this  group  occur  uncombined  as  natural 
minerals,  the  principal  compounds  which  are  found  are  given  on  the 
following  table: 

Chromium: — ^Found  as  chromite  (chromic  iron)  isomorphous  with 
spinell,  formula  Fe  (Cr  02)2,*  when  the  chromium  is  replaced  in  part  by 
aluminium  and  by  ferric  iron,  and  the  ferrous  iron  by  magnesium,  the 
mineral  is  called  chromspinell;  chromite  forms  veins  or  imbedded 
masses  in  serpentine  rock. 

Orocoite:—Le&d  chroinate,  Pb  Cr  O^jf  Is  sometimes  found. 

Molybdenum: — Found  as  the  sulphide,  Mo  S,,  called  molybdenite;  as 
the  molybdate  of  lead,  Pb  Mo  O4,  called  wulfenitej  and  as  molybdite, 
Mo  Oi,  the  anhydride  of  molybdic  acid. 

*This  compound  is  ferrous  chromite,  derived  from  a  hydroxide  of  the  formula 
Or  O  (O  H)«  analogous  to  Al  O  lO  H).  The  ferrous  iron  in  chromite  can  be  replaced 
isomorphously  by  divalent  chromium,  the  trivalent  chromium  Or  O  (O  H)  by  ferric 
Iron  (see  page  326), 

tThe  chromates  of  the  allcali  metals  are,  without  exception,  Isomorphous  with 
the  corresponding  sulphates;  naturally  occurring  lead  chromate  is,  however,  not 
Isomorphoos  with  anglesite  (Pb  S  O4)  but  artificially  prepared  crystals  of  lead  chro 
mate  have  proven  to  be  isomorphous  with  the  latter.  The  isomorphism  of  the  chro- 
mates  and  sulphates  clearly  demonstrates  the  family  connection  between  chromium 
andsfi^taur. 

:( Wolfenlte  is  not  isomorphous  with  crocoite  but  it  is  sometimes  found  with  a 
contents  of  chromium  replacing  molybdenum.  It  U  isomorphous  with  the  corre- 
sponding salt  of  tungstic  acid.- 
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'  .[Tung9tm.r-A8  scheelite,  Ca  W  O^;  reinite,  Fe  W  O4,  and  stoltzite, 
Pb;  W  O^.'  AH  of  these  mirterala  are  isomorphous  with  wulf enite. 
Tungsten  is  also  found  as  tungstite,  W  Oj,  the  anhydride  of  tungstic 
atjid.  ... 

■  -  r  . 

.  Uranium,— Ab  pitchblende,  (U  Oa,  Pb)  W2  Oj,  and  as  the  sulphate  of 
liraniuin, which  exists  as  ah  impure  mineral  sometimes  called  uranocher. 

The  elements  under  discussion  are  not  of  any  commercial  import- 
ance when  isolated  from  their  compounds.  Chromium  can  be  pre- 
pared by  electrolyzing  the  fused  chloride,  Cr  CV,  in  a  manner 
analogous  to  the  preparation  of  the  alkali  metals,  the.  alkaline  earths 
and  of  aluminium,  or  the  metal  can  be  obtained  by  heating  tlie 
chloride  with  sodium  or  with  zinc  in  the  absence  of  the. air, 'the  pro- 
cess being  like  that  formerly  used  for  obtaining  aluminium  (see  page 
321).  Sodium  amalgam,  when  treated  with  chromic  chloride,  forms 
sodium  chloride  and  liberates  chromium,  which  latter  "'element  then 
forms  an  amalgam  with  mercury.  It  can  be  separated  from  'this  by 
distilling  the  mercury  in  a  current  of  hydrogen.  Tungsten,  molyhde- 
num  and  uranium  can  be  prepared  by  reducing  the  oxides  of  these- 
metals  by  means  of  hydrogen  at  red  heat,  the'  elements  iri  question 
being  much  more  easily  separated  from  their  oxides  than  is  chromium* 
frqm  its  corresponding  compounds.  In  the  case  of 'uraimim' the 
element  can  even  be  obtained  by  heating  its  oxide's"  with  charcoal. 
The  most  important  physical  properties  of  these  elemeYitsare  given 
in  the  following  table :  .  .^       -..  ;•.(>.    \ 

Chromium,  specific  gravity  6.8,  crystaUine,  of  metaUic.  appearance,  infus^le.    ,  ,-    ^ 
Molybdenum,  specific  gravity  8i6,  silver 'White,  infusible. 

Tungsten,  specific  gravity  18.1,  steel-colored  plates,  fusible  at  a  high  temperature. 
Uranium,  specific  gravity  18.4,  white,  metallic  lustre,  fusible  at  a  high  temperature* 

•  '""  tt  **-  '  ■        . 

Chromium,  molybdenum,  tungsten  and  uranium  all  Jp^ve  small 
atomic  volumes.  -As  was  mentioned -on  page  352,  they—have  their 
places  on  the  descending  branches  and  near  the  minimum'  of  the 
curves  formed  by  using  the .  atomic  volumes  as  ordinates  and  the 
atomic  weights  as  abscissae;  they  are  therefore  infusible,  or  at  least 
fusible  with  difficulty,  and  they  form  colored  salts. 

Chromium  is  slowly  oxidized  when  heated  in  the,  air,  morei 
rapidly  in  a  current  of  oxygen;  the  oxide  which  is  formed  has  the 
formula  Crj  O3.  The  metal  is  dissolved  by  hydrochloric  acid  or  tj: 
hot  sulphuric  acid,  the  chloride  Cr  Clg  or  the  sulphate  Cfj^S'O^), 
being  produced  according  to  the  acid  used.     Potassium  pitrate  or 
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potassium  chlorate,  when  fused  with  chromium,  give  up  their  oxygen 
and  form  potassium  chromate. 

Molybdenum  is  slowly  attacked  when  heated  in  the  air.  It  is 
readily  converted  into  the  trioxide,  Mo  0„  by  oxygen  at  a  high  tem- 
perature. Nitric  acid  or  aqua  regia  attack  the  metal  to  form 
molybdic  acid.  Tungsten  behaves  as  does  molybdenum,  while 
uranium  even  dissolves  in  dilute  hydrochloric  or  sulphuric  acid, 
Jiydrogen  being  at  the  same  time  evolved. 

The  most  important  compounds  of  chromium  are  derived  from  two 
oxides,  chromic  oxide,  Crj  O3,  which  is  mainly  basic  in  its  character, 
and  chromium  trioxide,  Cr  Oj,  which  acts  as  an  acidic  anhydride  and 
which  is  the  oxide  typical  of  the  family.  In  addition  to  these  two 
4;here  exists  a  chromous  hydroxide,  Cr  (O  H)2,  (the.  oxide  correspond- 
ing to  which  is  not  known)  and  a  chromous-chromic  oxide  of  the 
formula  Cr,  O4. 

Chromic  oxide,  Crj  O3,  is  a  dark  green  powder  which  is  insoluble 
in  acids  after  it  has  been  heated  to  a  high  temperature  (see  page 
326);  after  it  has  been  subjected  to  such  treatment  it  can  be 
brought  into  solution  by  fusion  with  caustic  alkalis  or  with  the 
primary  sulphate  of  potassium.*  Chromic  oxide  dissolves  in  fused 
glass  and  imparts  a  fine  green  color  to  the  substance;  for  this 
reason  it  is  used  as  a  green  paint  for  tinting  porcelain. 

Chromic  hydroxide  can  be  precipitated  from  solutions  of  chromic 
salts  by  the  addition  of  ammonia  water.  When  dry  it  has  the  com- 
position represented  by  the  formula  Cr  (O  H)g  +  2  Hj  O.  When 
the  latter  is  heated  to  200°  it  changes  to  metachromic  hydroxide, 
Cr  O  (OH).  This  substance  corresponds  to  the  similar  aluminium 
compound  (see  page  326J.  Chromic  oxide  and  hydroxide  are  both 
basic  and  acidic  in  their  character.  The  freshly  precipitated  hydrox 
ide  is  readily  dissolved  by  caustic  alkalis,  forming  deep  green  solu- 
tions of  the  chromites  of  the  respective  metals;  if  the  solutions  so 
formed  afe^allowed  t<5' stand*,  or tfthey  are  boiled,  the- hydroxide  is 
once  more  precipitated. f     A  number  of  chromites  occur  as  minerals; 

*  In  this  process  potasslum-chrom  alum,  Ks  S  04«  Crs  (S  di)z  +  24  Hs  O,  is  pro- 
duced. 

t  Difference  from  aluminium  hydroxide,  the  solution  of  the  latter  in  alkalis  is 
•not  decomposed  by  boiling.  When  chromic  oxide  is  present,  alkalis  are  also  able  to 
dissolve  considerable  quantities  of  ferric  oxide. 
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the  latter  are  derived  from  metachromic  hydroxide  and  are  isomorph- 
ous  with  spinell ;  these  compouDds  can  also  be  artificially  prepared 
by  fusing  chromic  oxide  with  the  metallic  oxide  which  is  to  be  used 
as  the  base,  boron  trioxide,  B,  Og,  being  used  as  a  flux.*  The 
chromic  salts,  in  which  chromic  oxide  acts  as  a  base,  are  produced  by 
dissolving  the  oxide  or  hydroxide  in  acids.  The  most  important  of 
these  are  described  below : 

Chromic  chloride,  Cr  Clgf  is  produced  by  burning  chromium  in  an  atmos- 
phere of  chlorine  or  by  heating  an  intimate  mixture  of  chromic 
oxide  and  charcoal  in  a  current  of  dry  chlorine;  the  salt  so  pro- 
duced sublimes  in  the  form  of  pink  plates;  the  chloride  which 
is  formed  by  dissolving  the  hydroxide  in  water  crystallizes  in 
dark  green  needles  of  the  formula  Cr  CI,  +  6  Ha  O,  anhydrous 
chromic  chloride  cannot  be  prepared  from  this,  as,  upon  heat- 
ing, the  salt  loses  hydrochloric  acid  and  changes  into  a  basic 
chromic  chloride.  The  dry  chloride  is  nearly  insoluble  in 
water  or  in  acids;  when  heated  in  air  it  gives  off  chlorine  and 
leaves  chromic  oxide. 

Chromic  mlphaie,  Ctj  (SO^),  +  16  H,  O  is  formed  by  dissolving  chromic 
hydroxide  is  concentrated  sulphuric  acid  and  then  allowing  the 
solution  to  absorb  moisture  from  the  air;  the  salt  is  reddidi 
violet  in  color,  when  heated  to  100°  it  loses  water  of  crystalliza- 
tion and  changes  to  a  green  salt  having  the  composition  Crt 
(804)3  -I-  6  H,  O.  When  a  solution  of  chromic  sulphate  is  mixed 
with  a  solution  of  an  alkaline  sulphate  and  evaporated,  an 
alum  is  formed  in  which  chromium  has  taken  the  place  of 
aluminium,  an  example  of  such  a  salt  is  K^  80^,  Crs  (SQJa  +  24 
H,  O,  (see  page  327). 

When  solutions  of  caustic -alkalis  are  added  to  solutions  of 
chromic  salts,  a  precipitate  of  chromic  hydrpxide  is  produced,  the 
latter  is  soluble  in  an  excess  of  the  precipitating  medium;  on  the 
other  hand  chromic  hydroxide  does  not  dissolve  in  ammonia  solatioii 
and  can,  as  a  consequence,  be  precipitated  from  solutions  oi  chromic 
salts  by  the  addition  of  that  reagent,  even  in  excess;}  alkaline  suU 

^Zinc  chromlte,  Zn  (Or  Oa)s,  and  manganous  chromlte,  Mn  (Or  Ot>a  have  been 
prepared  In  this  way. 

tThe  formula  Org  01 «  was  formerly  assigned  to  this  compound,  buttihe  latest 
determinations  of  the  specific  gravity  of  this  substance,  while  in  the  state  of  a 
vapor,  show  It  to  be  Or  Ola,  (see  page  323). 

tThe  precipitation  of  chromic  hydroxide  is  very  much  retarded  mdA  may  be 
entirely  prevented  by-  the  pceaence  of  not-volatile  organic  acids  each  4ub  ettric  add* 
tartaric  acid,  oxalic  acid,  etc. 
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phide  solutions  or  solutions  of  the  carbonates  precipitate  chromic 
hydroxide  for  reasons  identical  with  those  mentioned  in  the  chapter 
on  aluminium,  (see  page  329)*.  When  in  alkaline  solution,  chromic 
hydroxide  is  completely  oxidized  to  a  chromate  by  the  addition  of 
chlorine  or  bromine,  the  same  change  can  also  be  brought  about  by 
the  addition  of  other  oxidizing  agents  f  or  by  fusion  with  potassium 
nitrate  or  chlorate. 

Chromic  acid,  Hj  Cr  O^,  is  not  known,  its  anhydride,  Gr  O3, 
chromium  trioxide,  is  produced  when  the  acid  is  liberated  from  its 
Baits,  this  is  best  accomplished  by  adding  tolerably  concentrated 
sulphuric  acid  to  a  solution  of  potassium  or  sodium  dichromate : 

Ka  Cra  O^  +  H^  80,  =  I^  80,  +  H^  O  +  2  Cr  Os- 

The  anhydride  crystallizes  in  beautiful  carmine-red  needles  which 
melt  at  lOS"*,  forming  a  dark  red  fluid  which  loses  oxygen  at  250°  and 
changes  to  green  chromic  oxide;  the  oxide  is  readily  soluble  in  water, 
the  solubility  being  diminished  by  the  addition  of  sulphuric  acid.J 

Chromium   trioxide  is  a  most   energetic  oxidizing  agent,  even 

dilute  solutions  instantly  change  sulphurous  acid  into  sulphuric  acid : 

1.  2  Cr  Oa  +  3  Ha  80,  =  Crj  Og  +  3  H^  SO,; 

2.  Cra  O3  +  3  Ha  SO,  =  Cra  (SO,),  +  3  Ha  O; 

in  the  same  way  hydrogen  sulphide  is  oxidized,  while  sulphur  is 
separated*  Many  organic  substances  are  also  readily  attacked  by 
chromium  trioxide,§  that  substance  being  at  the  same  time  reduced 
to  chromic  oxide  (respectively  to  the  chromic  salts  which  would  be 
formed  by  the  acids  which  may  be  present). 

Although  chromic  acid  is  unknown,  an  add  chloride  of  chromium 
called  chromylchloride,  Cr  Oj  CIj,  which  may  be  considered  as  being 
chromic  acid  in  which  the  two  hydroxy le  groups  have  been  replaced 
by  chlorine,  can  be  produced  by  adding  concentrated  sulphuric  acid 

*  Chromium  is  completely  separated  from  solutions  of  chromic  salts  by  the 
addition  of  freshly  precipitated  barium  carbonate.  The  chromium  separates  as 
chromic  hydroxide  mixed  with  basic  chromic  salt. 

tFor  instance  lead  sui>eroxide,  Pb  0»,  when  lead  chromate  is  produced. 

t  Chromium  trioxide  is  least  soluble  in  sulphuric  acid  of  about  86  per  cent. 

I  For  instance,  alcohol  is  oxidized  to  aldehyde  and  to  acetic  aoid,  the  relation* 

ship  between  these  three  compounds  can  be  seen  from  the  foUowinsf  structural 

formulae; 

CHs  —  CH,  OH  +  O  =  CHa  —  COH  +  O  =  CH,  —  CO  OH. 

alcohol,  aldehyde,  acetic  acid. 
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to  a  mixture  of  sodium  chloride  and  potassium  dichromate. 
Chromylchloride  is  a  dark  red  flaid  which  boils  at  118°  and  which 
instantly  decomposes  into  chromium  trioxide  and  hydrochloric  acid 
on  the  addition  of  water: 

Cr  Oi  CI,  +  H,  O  =  2  H  CI  +  Cr  O,. 

Ill  structure  this  compound  b  analogous  to-sulphuiylchloride: 

rci  rci 

o 


Cr-^ 


y-.  and  S 


V 


O 
O 
CI 


and  Cr 


CI  ^ 

Chromylchloride  and  Sulphurylchloride  (seepage  152). 
The  chromatea  are  derived  from :  a  hypothetical  dibasic   acid 
analogous  in  formula  to  sulphuric  acid : 

OH  roH 

o 
o 

OH  l^OH 

Sulphuric  acid   and     chromic  acid, 

and  the  dichromates  form  a  dichromic  acid,  Hj  Cr^  O7  (also  hypo- 
thetical), which  is  analogous  to  disulphuric  acid,  H^  S,  O7.  (see  page 
150).*  The  most  important  chromates  and  dichromates  are  those  of 
potassium  and  sodium. 

Potassium  chromaie  is  a  yellow,  crystalline  salt,  which  is  readily  soluble 
in  water  and  which  is  isomorphous  with .  potassium  sulphate. 
Upon  addition  of  dilute  scids  it  is  converted  into  the  dichromate: 
2K,Cr04  +  2HNO,  =  K,Cr2  07  +  2KNO,  +  Ha0.t  On  the 
other  hand,  potassium  dichromate  is  changed  to  the  chromaie  by 
alkalis,  thus:  K,  Crj,  O^  +  2  K  O  H  =  2  K,  Cr  0^  +  Hg  O. 
Potassium  dichromate  crystallizes  in  large,  red  plates  which  are  soluble  in 
water.  When  heated  it  melts  without  decomposition.  At  a 
high  temperature,  however,  it  loses  oxygeu  and  is  converted 

_Jnto  a  mixture  of  chromic  oxide  and  potassium  chromate: 

2  K,  Crj  Ot  =  2  K,  Cr  0^  +  Ctj  Oj  +  3  O. 
A  similar  loss  of  oxygen  takes  place  when  the  salt  is  heated 

*  TfI  and  polychlorates  have  also  been  described  (see  page  206). 
t  In  this  reaction  the  prima/ry  chromate  of  potassium,  E  H  Or  O4  may  be  consid- 
ered to  be  the  first  product: 

Kt  Or  O4  +  H  N  Ot  =  K  H  Cr  O4  +  K  N  Ot . 
Two  formula  weights  of  this  primary  salt  would  then  separate  water  between  them, 
leaving  the  dichromate:  ~ 

2  K  H  Cr  O4  =»  Et  Ort  Or  +  Hi  O. 
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with  sulphuric  acid.  In  the  latter  case  chromic  sulphate 
(respectively  potassium  chrome  alum)  is  formed:  . 

K,  Cr,  O^  +  4  H,  S  O4  =  Ka  S  O^,  Crj  (S  O-^)^  +  4  Ha  O  +  3  O.* 

Potassium  dichromate  is  extensively  used  for  the  prepara- 
tion of  battery  fluids;  however,  of  late  years,  the  more 
SQluble  sodium  dichromate  is  taking  the  place  of  the  former 
salt. 

The  reactions  shown  by  sodium  dichromate  are  identical  with 

those  of  potassium,  dichromate. 

2  he  chromate  of  lead  is  insoluble  in  water  and  is  produced  by  adding  a 
soluble  chromate  or  dichromate  to  the  solution  of  a  lead  salt, 
as  follows: 

1.  K,  Cr  O4  +  Pb  (N  03)2  =  2  K  N  O,  +  Pb  Cr  O^. 

2.  Ka  Cra  O^  +  2  Pb  (N  O,),  +  Ha  O  =  2  K  N  O,  -f  2  H  NO,  + 

2  Pb  Cr  O4. 
In  the  seconds  reaction,  therefore,  free  acid  is  produced;  the 
same  is  true  in  other  cases  where,  by  double  decomppsition,  an 
insoluble  chromatQ  can  be  formed,  for  the  precipitation  takes 
place  by  the  addition  of  either  a  soluble  chromate  or  dichromate 
to  the  solution  containing  the  salt  of  the  metal  capable  of  form- 
ing such  an  insoluble  chromate.  Lead  chromate  possesses  a 
bright  yellow  color  which  makes  it  useful  as  a  paint,  the  name 
of  which  is  chrome  yellow;  addition  of  potassium  or  sodium 
hydroxide  to  chrome  yellow  changes  that  substance  into  an 
insoluble  basic  lead  chromate  which  is  termed  c/irome  red: 

2  Pb  Cr  O4  +  2  K  O  H  =  (Pb  O  H)2  Cr  O4  +  Ka  Cr  O^. 

Barium  chromate j  Ba  Cr  O4,  is  insoluble  in  water,  but  soluble  in  hydro- 
chloric or  nitric  acid.  In  this  way  the  salt  differs  from  the 
equally  insoluble  barium  sulphate,  for  the  latter  is  insoluble 
both  in  water  and  in  acids. 

*Iu  this  reaction  the  oxygen  present  in  the  chromate,  in  excess  of  that  neces- 
sary to  form  chromic  oxide,  passes  off.  The  same  is  true  of  the  other  reactions  in 
which  potassium  dichromate,  or  dichromates  in  general,  are  used  as  oxidizing 
agents.  One  formula  weight  of  potassium  dichromate,  therefore,  has  three  atoms  of  oxy- 
gen at  its  disposal  for  oxidizing  purposes.  In  formulating  reactions  this  fact  is  the 
essential  one  to  be  taken  into  consideration.  One  formula  weight  of  potassium 
dichromate  will  therefore  oxidize  three  of  sulphurous  acid  to  sulphuric  acid,  or  three 
molecules  of  alcohol  to  aldehyde,  etc.  Ooncentrated  hydrochloric  acid  is  oxidized 
to  chlorine  by  the  dichromate;  in  the  latter  case,  of  course,  six  molecules  of  hydro- 
chloric acid  are  changed  to  chlorine  by  the  dichromate,  for: 

' 6H01  +  30  =  3H«0+'6C1;  - 

however  the  excess  of  hydrochloric  acid  will  subsequently  form  potassium  chloride 
and  chromic  chloride  with  the  bases  present,  so  that  the  complete  reaction  would  be 
represented  as  follows: 

Kf  Crt  O7  +  14  H  01  =  2  k  CI  +  2  Cr  01«  +  6  01  +  7  Hf  O. 
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The   chromoiui  compounds  which    are   derived   from   chromous 

hydroxide,  (Cr  O  H)2,  are  of  far  less  importance  than  either  the 

chromic  salts  or  the  chromates. 

Chromous  chloride,  Cr  CI2,  is  produced  when  metallic  chromium  is  dis- 
solved  in  hydrochloric  acid  or  when  chromic  chloride,  Cr  CI,,  is 
reduced  by  means  of  a  current  of  hydrogen.  The  sub- 
stance produces  a  blue  solution  in  water;  the  latter,  how* 
ever,  rapidly  turns  green,  owing  to  the  absorption  of  oxygen 
and  the  formation  of  a  basic  chromic  chloride.  In  fact,  the 
chief  characteristic  of  all  chromous  compounds  is  the  extreme 
ease  with  which  they  take  up  oxygen  in  order  to  produce 
chromic  salts. 

An  oxide  of  chromium  having  the  formula  Cr,  O4  is  also  known. 

This  substance  is  regarded  as  being  composed   of  chromous  and 

chromic  oxides. 

Cr  O  +  Cr^  O,  =;:  Cr,  0,;      - 

so  that,  in  this  compound,  chromous  oxide  plays  the  part  of  a  base 
and  chromic  oxide  that  of  an  acidic  anhydride. 

The  compounds  of  chromium  which  are  used  in  the  arts  are  pre- 
pared from  chromic  iron.  The  latter  substance  is  finely  ground^ 
intimately  mixed  with  potash-lime*  and  then  heated  in  furnaces  in 
which  a  free  circulation  of  air  is  provided  for,  the  oxygen  so  sup* 
plied  changing  the  chromic  compound  into  potassium  chromate  and 
calcium  chromate  ;t  after  heating  for  a  sufficient  length  of  time,  the 
mass  is  extracted  with  a  solution  of  potassium  sulphate,  by  which 
means  all  of  the  calcium  chromate  is  converted  into  potassium 
chromate  and  the  latter  salt  is  finally  changed  to  potassium 
dichromate  by  the  addition  of  sulphuric  acid.  Potassium  and 
sodium  dichromates  are  used  for  the  preparatioii  of  various 
paints,  (chrome  yellow,  chrome  red,  etc.),  in  a  number  of  proces8ea 
of  dyeing,  in  the  preparation  of  chromic  oxide,  which  is  used  for 
porcelain  painting,  as  oxidizing  ag^its  and  in  a  number  of  other 
ways. 

The  compounds  of  molybdenum,  tungsten  and  uranium  are  not  bjr 
any  means  so  important  as  are  those  of  chromium. 

*  A  mixture  of  potassium  and  calcium  hydroxides  produced  by  slaking  quick- 
limd  with  a  potassium  hydroxide  solution,  soda-lime  is  produced  by  using  sodium 
instead  of  potassium  hydroxide. 

t  Of  course,  in  the  preparation  of  sodium  dichromate,  soda-lime  Is  used. 
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Molybdenum  forms  the  following  oxides: 

,1,  Molybdenum  trioxide,  Mo  Oj;  white  in  color; 

2.  Molybdic  oxide,  Mo,  O3;  black  in  color; 

3.  Molybdenum  dioxide,  Mo  O2;  dark  brown  in  color.J 

4.  Molybdenum  monoxide,  MO  black  brown  in  color. 

The  first  of  these  is  produced  by  roasting  the  mineral  molybden- 
ite, by  which  means  the  sulphur  is  burned  off  and  molybdenum 
trioxide  is  left,  the  latter  is  extracted  witli  ammonia  water,  which 
latter  produces  ammonium  molybdate;  pure  molybdic  acid  is  separ- 
ated from  the  salt  by  the  addition  of  nitric  acid: 

(N  H,)2  Mo  O,  +  2  H  N  Oa  =  2  N  H,  N  Ofi  +  H3  O  +  H2  Mo  O,. 

The  trioxide  is  produced  by  dehydrating  the  latter  compound.  The 
oxide  is  difficultly  soluble  in  water,  is  white  and  of  crystalline 
structure;  reducing  agents,  such  as  sodium  amalgam,  reduce  it  to 
tlie  second  oxide,  M02  O,,  and  this,  when  gently  heated,  takes  up 
oxygen  and  forms  the  dioxide.  Mo  O2;  the  fourth  oxide  is  formed 
by  adding  a  hot  solution  of  potassium  hyriroxide  to  molybdenum 
dichloride.  Mo  CI2.  Hydroxides,  Mo  (O  H)3  and  Mo  (O  H)^,  cor- 
responding to  M02  Og  and  M  Oj  are  also  known. 
Molybdenum  forms  the  following  chlorides: 

Mo  Cl6»  produced  by  passing  chlorine  over  heated  molybdenum. 

Mo  CI4,  produced  by  heating  the  trichloride.* 

Mo  Cls,  produced  by  heating  the  pentachloride  in  a  current  of  hydrogen  at  250'. 

Mo  Cls,  produced  by  heating  the  trichloride  in  a  current  of  carbon  dioxide.* 

Molybdenum  pentachloride  boils  at  268°,  changing  into  a  dark 
brown  gas  which  has  a  specific  gravity  of  9.4  at  350°;  this  vapor 
density  corresponds  to  a  molecule  having  the  formula  Mo  CI5,  so 
that  molybdenum  affords  an  example  of  an  element  belonging  to  the 
sulphur  family  which  enters  into  the  formation  of  a  compound  in 
which  the  individual  is  pentavalent  (see  page  354). 

Unlike  chromium  trioxide,  the  trioxide  of  molybdenum  is  capa- 
ble of  forming  a  number  of  hydrated  acids  which  in  formula 
correspond  to  the   hydrated  sulphuric  acids;   this  relationship    is 

made  plain  by  the  following  table : 

MOLYBDIC  ACIDS.  SULPHURIC  AciD^  (sec  page  147). 

Mo  O,       +  Ha  O  =  H2  Mo  0^.  S  Oj       -f  H2  O  =  H2  S  O^. 

Ha  Mo  O4  -f.  Ha  O  =  H^  Mo  O5.         Ha  S  O4  +  Ha  O  =  H^  S  O5. 
H^  Mo  O5  +  Ha  O  =  He  Mo  O,.         H^  S  O5  +  Ha  O  =  H,  S  Og. 

tA  blue  oxide,  Mug  O^  is  also  described. 
•2  Mo  Cls  »  Mo  Clt  +  M0X3I4. 
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The  acid  having  the  formula  H^  Mo  O5  is  formed  by  adding 
nitric  acid  to  a  solution  of  sodium  or  potassium  moljbdate.  It  is 
nearly  insoluble  in  water  and  in  .drying  in  vacuo  loses  water  while 
changing  to  Hj  Mo  0^.  H^  Mo  0^  is  soluble  in  water  and  is  pro- 
duced by  dialysis  of  a  solution  of  molybdic  acid^  in  a  manner  similar 
to  the  separation  of  soluble  silicic  acid  (see  page  294).  Salts  of  a 
number  of  complicated  molybdic  acids  are  also  known ;  the  formulse 
of  a  few  of  these  are  given  in  the  following  table : 

Na2  Moa  O7,  sodium  dimolybdate.* 
Na2  Mo,  Ojo,  sodium  trimolybdate. 
^a2Mo4  Oij,  sodium  tetramolybdate; 
Naa  Mog  O25,  sodium  pctomolybdate. 

The  method  of  formation  of  these  polymolybdates  is  similar  to  that 

of  the  poly  silicates. 

Acid  solutions  of  molybdic  acid  are  readily  reduced  by  means  of 
metallic  zinc  or  tio.  During  such  a  reduction  the  color  of  the  solu- 
tion at  first  becomes  blue,  then  green,  and  finally  black,  at  which 
stage  of  th^  reaction  the  monoxide,  Mo  0>  is  precipitated. 

When  nitric  acid  is  added  to  a  solution  of  ammonium  molybdate, 
ammonium  tetramolybdate,  (N  £[4)2. M04  Oia*  is  produced.  The 
latter  substance  is  of  great  importance  in  analytical  chemistry,  for 
the  reason  that,  upon  addition  of  phosphoric  acid  or  a  soluble  phos- 
phate, the  phosphoric  acid  is  completely  separated  as  a  constituent 
of  a  yellow  precipitate  known  as  ammonium,  ^phospho-molybdate. 
The  latter  substance  has  the  composition  expressed  by  the  formula 
(N  HJa  P  O4,  11  Mo  Og.f  When. this  salt  is  treated  with  aqua 
regia  the  the  free  phospho-molybdic  acid,  HgP  O4,  11  Mo  O,,  goes 
into  solution.  The  power  which  molybdic  acid  possesses  of  uniting 
with  other  acids  to  form  complicated  compounds  is  most  important 
in  the  case  of  phosphoric  acid;  however,  it  is  not  confined  to  that 
substance  alone,  for  similar  unions  of  molybdic  acid  with  arsenic 
and  silicic  acids  are  also  known. 

Molybdenum  forms  three  sulphides,  a  disulphide,  Mp  S,,  a 
trisulphide,  Mo  &j,  and  a  tetrasulphide.  Mo  84.  If,  in  the  latter 
compound,   we  regard  sulphur  as  having  a  valence  of  two,  then 

*  Corresponding  to  the  diaulphaU  and  diehnmuife. 

T  More  compttcgted  formulae  have -recently  tjeen-nssljeueil  lu  annnoiitimr  n;>fao9^ 

phomolybdate  and  the  phosphomolybdlc  acid.    They  are  (N  H4)t  P  O4,  12  Mo  Os  -r 
<NH4)t  HPO4,  ISMoOt  +8HaOandHtP04.12MoOs  -^29HtO. 
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molybdenum  may  possibly  be  octovalefit.  In  speculating  as  regards^^ 
the  valence  of  molybdenum  in  such  a  compound,  we  must  always 
bear  in  mind,  however,  that,  as.  it  cannot  be  vaporized,  ijts  molecular 
weight  is  unknown. 

The  tetrasulphide  of  molybdenun^  can;  act  as  an  acidic  anhydride^ 
for  it  forms  a  potassium  salt  of  the. formula  Kg  Mo  Sj. 

Tungsten  only  produces  t\yQ  oxides,  a   dioxide,  W  Ojj,  and  a/ 
trioxide,  W  O3,*  the  latter  being  the  anhydride  of  tungstic  acid;  the 
element,  however,  is  able  to. enter  into  four  chlorides,  namely: 

Tungsten  dichloride,  W  CI2. 

Tungsten  tetrachloride,  W  GI4. 

Tungsten  pen tacMoride,WGl5.  _         - 

Tungsten  hexachloride/W  Clfti 

The  latter  compound'  is  produced  by  heating  tungsten  in  a  cur-' 
rtot  of  chlorine;  it  boils  lat  346*^  and  has  a  vapor  density  which 
corresponds  to   thie- molecular  weight    expressed  by   the  formula 
W  C\^;  so  that  tungsten  must  be  hexavalent  in  the  hexachloride; 

Provided  we  regard  the  atoms  of  oxygen  as  always  being  divalent  ^ 
then  the  highest  valence  of  the  elements  of  the  sulphur  group,  when 
in  combination  with  oxygen,  is  six  and  in  one  instance,  at  least,  as  i» 
shown  by  the  existence  of  W  Clg,  the  valence  toward  chlorine  also 
reaches  that  number.  It  seems  not  improbable,  therefore,  that,, 
were-  tlVe  proper  ctrnditiens' attainable,  the  remaiiiihg  elements  of 
this  family  would  also  be  able  to  produce  compounds  which,  in  each 
molecule,  would  contain  six  atoms  of  chlorine.  We  would  then  have 
a  series  of  chlorides  derived  from  members  of  the  first  six  families 
which  would  exactly  correspond  to  thd  oxides,  two  chlorine  atoms 
taking  the  place  of  one  of  oiygen.  This  will  be  made  clear  from 
the  following  general  formulae:   '    -^  •.'     '     '• 


Family 

1. 

2. 

a 

4. 

5. 

-T rr- 

6. 

Chlorides 
Oxides 

RCl 
R«  0 

RC1» 
R  0 

RCia 
R»08 

ROI4 
ROa 

RCIb 
RaO, 

RCle 
ROs 

The  oxides  of  the  seventh  family,  Rg  O7,  have  as  yet  no  corre- 
sponding halide,  but  it  seems  not   impossible  that   some  of  the. 

♦An  oxide,  Wa  Os,  corresponding  to  Moa  Og,  is  known*    This  oxide  is  probably 
a  combination  of  W  Oa  acting  as  a  base  and  W  Oa  acting  as  an  anhydride: 

WOa +  2WOa  =Wa  Os. 
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missing  compounds  will  ultimntely  be  diecovered.  In  the  first  six 
families,  however,  the  liighesi  nulenoe  of  the  elements  toward  oxy- 
gen and  toward  chlorine  is  given  by  the  nwrnher  of  the  family  to  which 
each  group  of  dements  respectively  belongs. 

Two  tungstic  acids,  which  correspond  to  H3  8  O4  and  H^  S  O5, 
are  known;  they  are  H,  W  O4  and  H4  W  Oj*  The  first  of  these  i» 
a  yellow  powder  which  is  produced  by  decomposing  the  aqueous 
solution  of  an  alkaline  tungstate  with  an  excess  of  hot  acid : 

Na,  W  O,  +  2  H  N  O,  +  H^  O  =  2  Na  K  O3  +  H^  W  O,. 

The  second  is  produced  by  using  cold  instead  of  hot  acid.  A  num- 
ber of  polytungstates  which  are .  similar  to  the  polymolybdates  are 
also  known.  Tungstic  acid  has  the  same  ability  of  uniting  with 
other  acids  to  form  complicated  compounds  as  is  possessed  by  molyb- 
die  acid.  We  are  acquainted,  for  instance^  with  phosphotungstic 
acid,  arsenotungstic  acid,  silicotungstic  acid,  etc.  Of  these  com- 
pounds, perhaps  the  most  important  is  sHieotungstic  ctdd,  the  sodium 
salt  of  which  is  formed  by  boiling  a  poly  tungstate  of  sodium*  with 
precipitated  silicic  acid,  the  latter  dissolving  to  form  sodium  silico- 
tungstate,  having  a  formula  Nag  Si  W,2  0|,  +  29  Hj  0»  This  salt 
is  extremely  soluble  in  water  and  its  solution  has  a  remarkably  liigh 
specific  gravity. t 

Uranium  has  the  highest  atomic  weight  and  hence  the  most 
metallic  nature  of  any  of  the  elements  under  discussion.  As  a  con- 
sequence, its  trioxide  can  act  both  as  a  base  and  as  an  acid. 

The  oxides  of  uranium  correspond  exactly  to  those  of  tungsten. 
They  are  U  0„  uranous  oxide,  U  Og,  uranic  oxide,  and  U,  Og,  which 
is  considered  to  be  uranous-uranie  oodde.  Only  three  chlorides  of 
uranium,  namely,  a  trichloride,  U  CI,,  a  tetrachloride,  U  CI4,  and  a 
pentachloride,  U  CI5,  are  known. 

Uranous  oxide,  U  O2,  is  basic  in  its  properties  and  forms  salts  of 
the  general  formula  U  X^,  where  X  represents  the  remainder  of  a 
monobasic  acid  after  the  removal  of  hydrogen.  The  uranous  salts 
are  colored  green  and  are  easily  oxidized  to  compounds  derived  from 
uranic  oxide. 

^Sodium  paratangstate«  Nas  Wit  O41.  This  salt  is  formed  Dy2f  using  together 
relnlte  (Fe  W  O4)  and  sodium  carbonate.  It  finds  eqtenslve  application  In  the  man- 
ufacture of  a  fireproof  sizing  for  Inflammable  materials. 

fThe  specific  gravity  Is  3.0  when  the  solution  is  .saturated  at  ordinary  tempera- 
tures* 
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When  uranic  oxide  enters  into  combination  with  acids  it  forms 
basic  salts  in  which  the  divalent  radical  U  O2  plays  the  part  of  a 
divalent  metal.  This  radical  is  called  uranyl  and  its  relationship  to 
its  salts  is  similar  to  that  of  the  univalent  radical  stibionyl,  Sb  0 — , 
which  was  described  on  page  243*  The  resemblance  between  the 
radicle  uranyl  and  the  atoms  of  divalent  metals  can  be  seen  by  com- 
paring the  following  f ormulsB  of  uranyl  and  calcium  salts : 

U  O2)  (N  0,)„  uranyl  nitrate*              Ca  (N  Oj)„  calcium  nitrate. 
-"o,)sa,  -  -  -      '       
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it  O,)  8  O^  uranyl  sulphate.  Ca  S  O4,  calcium  sulphate. 

O2),  (P  OJi,  uranyl  phosphate.       Ca,  (P  O4),,  calcium  phosphate. 

The  hydroxide  from  which  the  uranyl  salts  are  derived  can  be  com- 
pared to  calcium  hydroxide,  the  divalent  group  U  O2  taking  the 
place  of  one  atom  of  calcium : 

U0a(0H)2    and    Ca  (O  H), 

Uranylhydroxide  and  calcium  hydroxide. 

Uranyl  hydroxide  would,  therefore,  dissolve  in  nitric  acid,  for 
example,  and  would  then  form  uranyl  nitrate,  exactly  as  eatcium 
hydroxide  would  dissolve  in  the  same  reagent  to  form  calcium  nitrate; 
the  two  reactions  can  consequently  be  expressed  as  follows: 

U  Oj,  (O  H)2  +  2  H  N  O,  2=  tr  O2  (N  Os)^  +  2  Hj  O. 
Ca      (O  H),  +  2  H  N  O,  =  Ca      (N  O,),  -f  2  Hj,  O. 

The  uranyl  salts  are  yellow  with  a  green  fluorescence. 

Uranyl  hydroxide,  in  addition  to  being  a  base  is,  however,  also 
an  acid;  it  dissolves  in  strong  bases  to  form  uranates,  and  by  writ- 
ing the  formula  in  a  manner  slightly  different  from  that  given  above 
it  will  be  seen  that  uranyl  hydroxide  can  also  be  called  uranic  acid, 
and  therefore  it  corresponds  to  sulphuric  acid: 

Hj  S  O4,  sulphupic  acid,  and  Hj  U  O4,  uranic  acid. 

The  uranates,  however,  in  formula  resemble  the  disulphates  and 
dichromates,  and  not  the  sulphates  and  chromates.  When  a  uranyl 
salt  is  treated  with  a  solution  of  a  caustic  alkali,  the  first  change 
would  be  the  formation  of  uranyl  hydroxide  (uranic  acid) : 

U  Oj  (N  Oa  +  2  K  O  H  =  U  O2  (O  H)3  +  2  K  N  O,; 

this,  however,  reacts  with  the  excess  of  alkali  to  form  a  diuranate: 

2  U  Oj  (O  H),  +  2  K  O  H  =  Ka  U,  O,  +  3  Ha  O. 
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Ct  Ot       Mo  Os  ^  O*  U  Os  AH  of  these  elements  also  form  salts 

Ht  >lo  O4,    H  •  w  O4    H«  r  O^-^  deriTed  from  & di-acid  h«iTing  the  gen- 

H4  Mo O3    -H4  W  Oj  '  H4  r  0«* eral  f<»inala  Hr  Xi  Ot,-  and  they  also 

H4  31o04*  — ' form  salts  derlTed  from   conipucated 

*poly-«cids;  the  -latter"  are  formed  by 

oniting  3,^  5.  etc.  formula  weights  of 

I  the  aci^  H,  X  O4  and  then  separating 

water  until  a  dibasic  acid  i^left.  . 

•  1 

♦Existence  doubtful.  --        ' 

f  Also  acts  as  a  basic  hydroxide,  uranyl  h jdroxide,  U  0»  (O  H)s. 

The  above  acids  are  all  dSbaiU  (see  pa^e  U9). 
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CHAPTER  LVIII. 


THE  ELEMENT  FORMING  THE  PRIMARY  GROUP  OF  THE 

SEVENTH  FAMILY. 

Manganese,  symbol  Mn,  atomic  weight  55. 

Only  one  element  which  should  undoubtedly  have  its  place  in 
the  primary  group  of  the  seventh  family  has  as  yet  been  discovered, 
and  that  element  is  manganese.  Manganese,  having  its  place  at  the 
middle  of  one  of  the  long  periods,  must  necessarily  differ  quite 
markedly  from  the  typical  elements  of  the  family,  namely,  the  halo- 
genes;  and,  indeed,  a  great  variation  in  properties  is  to  be  expected, 
even  without  any  such  consideration,  for  manganese  is  metallic,  in 
its  nature,  while  fluorine,  chlorine,  bromine  and  iodine  are  the  most 
negative  of  all  the  elements.  As  a  consequence,  we  would  expect 
the  greatest  resemblance  between  the  latter  group  and  manganese  to 
lie  in  the  derivatives  of  the  highest  oxide  of  that  element,  in  which 
compounds  the  metallic  n,ature  of  manganese  is  almost  entirely  over- 
shadowed by  the  negative  elements  with  which  it  is  combined,  and,^ 
indeed,  we  observe  that  the  permangates,  R  Mn  O4,*  in  many 
respects,  such  as  isomorphism,  solubility,  etc.,  are  very  much  like- 
the  perchl orates.  The  lower  oxides  of  mnuganese,  on  the  other 
hand,  bear  no  resemblance  to  the  halogene  oxides,  in  fact,  their 
nearest  prototypes  are  to  be  found  among  the  oxides  of  iron,  chro- 
mium, cobalt,  nickel  or  lead,  while  in  many  respects  Mn  O  acts  very 
much  like  the  oxides  of  calcium,  magnesium  or  zinc.  The  typical! 
oxide  of  the  seventh  family,  therefore,  would  be  X^  O7;  in  no  case^. 
excepting  that  of  manganese,  has  it  been  isolated;  it  is,  however, 
known  in  its  derivatives  (permanganates,  perchlorates,  periodates 
and  the  corresponding  acids). 

*  R  represents  a  univalent  metal. 

26 
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Manganese  is  never  found  as  the  uncombined  element.    The 

chief  minerals  in  which  it  occurs  are  given  in  the  following  table: 

Braunite,  Mn2  O^. 
Hausmannite,  Mn,  O^. 
Pyrolusite  (polianite),  Mn  O2. 
Manganite,  Mn  O  (O  H)  * 

Pyrolusite  and  manganite  are  the  most  important  ores  of  manga- 
nese. They  both  occur  in  large  beds  and  veins.  Manganous  oxide, 
Mn  O,  is  also  sometimes  found  as  a  mineral  called  manganosite. 
The  carbonate,  rhodochrosite,  Mn  C  Og,  belongs  to  the  calcite  group 
(see  page  393),  while  manganocalcite,  (Mn,  Ca)  C  Og,  probably  is 
isomorphous  with  arragonite. 

The  element  itself  is  very  difficult  to  separate  from  its  ores,  for 
such  powerful  reducing  agents  as  red  hot  charcoal  or  hydrogen  are 
only  able  to  change  the  higher  oxides  into  manganous  oxide,  but  not 
into  manganese. t  Manganese  can,  however,  be  isolated  either  by 
heating  manganous  chloride  with  sodium,  or  by  electrolysis  of  the 
fused  chloride  or  fluoride. 

Manganese  is  a  greyish  white  metal  somewhat  resembling  cast 
iron;  it  is  crystalline  in  structure  and  brittle,  although  it  possesses 
a  certain  amount  of  toughness.  The  specific  gravity  is  about  8  and 
its  atomic  volume  6.9.  Manganese  is,  therefore,  at  the  minimum  of 
one  of  the  curves  of  atomic  volumes^;  the  element  with  next  smaller 
atomic  weight  has  a  larger  atomic  volume,  and,  as  a  consequence, 
manganese  is  difficult  to  fuse  and  forms  colored  salts.  The  melting 
point  of  manganese  lies  at  about  1900°;  this  is  somewhat  higher 
than  that  of  iron.  Pure  manganese,  after  polishing,  rapidly  becomes 
dull  when  exposed  to  the  air,  owing  to  oxidation.  The  metal  is 
energetically  attacked  by  acids.  J  Pure  manganese  has  no  technical 
application;  an  alloy  of  manganese  and  iron  (ferro -manganese,  spieg- 
eleisen)  is,  however,  of  the  greatest  commercial  importance  for  the 
manufacture  of  Bessemer  steel. 

•  Corresponding  to  Al  O  (O  H).  Trlvalent  manganese  can  replace  aluminium 
and  chromium  isomorphously  In  the  spinells. 

t  The  conversion  of  the  oxides  into  metallic  manganese  by  means  of  charcoal 
takes  place  only  at  a  high  white  heat. 

X  Impure  manganese  even  decomposes  water  very  readily. 

§  A  diagram,  plotted  with  the  atomic  voltimes  as  ordiuates  and  atomic  weights 
as  abscissae  is  appended  after  the  index . 
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Manganese  forms  the  following  oxides : 

Mn  O,  manganous  oxide. 
Mn2  Oj,  manganic  oxide. 
Mnj  O4,  manganous-manganic  oxide. 

Mn  O2,  manganese  dioxide  (manganese  hyperoxide,  black  oxide  of 
manganese). 

Mn2  O7,  permanganic  anhydride. 

Manganous  oxide  is  basic  in  its  character;  it  readily  dissolves  in 
acids  to  form  the  manganous  salts;  this  oxide  can  be  produced 
through  reduction  of  any  one  of  the  higher  oxides  by  means  of 
heating  the  same  in  a  current  of  hydrogen.  It  is  green,  or  greyish 
green,  in  color,  and,  when  exposed  to  the  air,  it  readily  absorbs 
oxygen  to  form  Mug  O4.*  Manganous  hydroxide,  Mn  (O  H)2,  is 
separated  as  a  white  precipitate  when  alkaline  solutions  or  ammo- 
nia water  are  added  to  a  solution  containing  a  manganous  salt;  pre- 
cipitation by  means  of  ammonia  is,  however,  entirely  prevented  by 
by  the  presence  of  ammonium  salts,  for  manganous  salts  have  a 
tendency  to  form  double  salts  with  the  compounds  of  ammonium, 
identical  with  that  displayed  by  the  similar  compounds  of  zinc  or 
magnesium  (see  pages  396  and  402).  When  exposed  to  the  air, 
manganous  hydroxide  rapidly  turns  brown,  because  it  absorbs  oxy- 
gen aiid  is  converted  into  manganous-manganic  oxide,  Mng  O^; 
when  dissolved  in  acids,  the  corresponding  manganous  salts  are 
produced.  The  latter  do  not  spontaneously  oxidize  when  exposed 
to  the  air. 

Manganous  chloride  is  contained  in  the  colorless  solutions  obtained  by 
dissolving  any  one  of  the  oxides  of  manganese  in  hydrochloric 
acid.f  When  slowly  evaporated  the  solutions  deposit  pinkish 
colored  tablets  of  the  formula  Mn  CI2  +  4  H2  O.  The  anhydrous 
salt  cannot  be  obtained  from  these  by  heating,  because  the 
chloride,  at  a  temperature  high  enough  to  drive  off  water  of 
crystallization,  loses  chlorine,  absorbs  oxygen  and  in  part 
changes  into  Mug  O4.  In  order  to  obtain  the  chloride  in  an 
anhydrous  condition,  the  water  of  crystallization  must  be  driven 
off  in  a  current  of  dry  hydrochloric  acid  gas.  Manganous 
chloride  is  extremely  soluble  in  water  and  shows  the  greatest 
tendency  to  form  double  chlorides  with  the  corresponding  salts 

of  other  metals. 

j^ 

•This  action  may  become  so  violent, as  to  cause  the  whole  mass  to  glow, 
t  Should  an  oxide  containing  more  oxygen  than  Mn  O  be  dissolved,  the  excess  of 
oxygen  will  oxidize  the  hydrochloric  acid,  liberating  chlorine  (see  page  58). 
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Manganaus  sulphate  is  produced  by  dissolving  any  one  of  the  oxides  of 
manganese  in  hot  sulphuric  acid,*  or  better,  by  dissolving  the 
carbonate  in  the  same  acid,  diluted.  Upon  evaporating  and 
cooling  to  below  6°,  crystals  having  the  formula  Mn  S  O^  -f-  7  H,  0 
separate.  The  latter  are  isomorphous  with  the  vitriols  (see  page 
394).  If  the  temperature  of  crystallization  is  between  I''  and  20° , 
then  the  crystals  contain  but  five  molecules  of  water  and  are 
isomorphous  with  ordinary  sulphate  of  copper  (blue  vitriol;  see 
page  381).    The  sulphate  is  readily  soluble  in  water. 

Manganous  carbonate  is  insoluble  in  water  and  is  therefore  preciptiated 
from  solutions  of  manganous  salts  by  the  addition  of  a  soluble 
carbonate.  The  naturally  occurring  salt  is  isomorphous  with 
calcite. 

Manganous  sulphide  is  insoluble  in  water  but  soluble  in  dilute  acids  f  (see 
page  95);  it  is  therefore  precipitated  from  solutions  containing 
manganous  salts  by  the  addition  of  an  alkaline  sulphide  solu- 
tion: 

Mn  S  O^  +  (N  H4)2  S  =  (N  HJ,  S  O4  +  Mn  S. 

Manganous  sulphide  is  a  flesh-colored  precipitate  which  readily 
absorbs  oxygen  from  the  air,  while,  at  the  same  time,  it  turns  of 
a  brown  color. 

Manganic  oxide,  Mdj  O3,  occurs  in  nature  as  the  mineral 
braunite,  which  is  the  hardest  ore  of  manganese.  In  the  laboratory 
it  can  be  produced  by  heating  manganous  oxide,  manganese  dioxide 
or  manganous-manganic  oxide  to  red  heat  in  a  currrent  of  hydrogen. 
The  oxide  is  black  in  color,  insoluble  in  water  and,  when  heated  to  a 
white  heat,  changes  to  Mug  O4.  The  hydroxide  Mn  Oj  H,  corre- 
sponding to  Al  O2  H,  occurs  as  the  mineral  manganite;  this  com- 
pound can  also  be  formed  by  slow  oxidation  of  manganous  hydroxide, 
Mn  (O  H)2,  in  the  air,  but,  if  the  manganous  hydroxide  is  covered 
with  ammonia  solution,  then  the  product  of  oxidation  is  the  normal 
manganic  hydroxide,  Mn  (O  H)3.  Both  the  oxide  and  hydroxides 
are  weakly  basic  in  character.  The  salts  derived  from  them  are 
unstable  and  resemble  those  derived  from  the  oxide  of  aluminium, 
AI2  O3.  They  are  decomposed  by  the  addition  of  an  excess  of  water. 
Their  solutions  are  dark  brown  in  color  and  on  addition  of  alkalis 

precipitate  manganic  hydroxide.  ^ 

.'  I'j* 

*  When  an  oxide  of  manganese  containing  more  oxygen  than  Mn  O  is  dissolved, 
then  the  excess  of  oxygen  passes  off  as  such^ 

t  Even  in  acetic  acid  (difference  from  ijlnc  sulphides 
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Manganic  chloride,  Mn  Q\i  is  produced  by'disdolving  ma'iiganic  hydroxide 
in  cold  hydrochloric  acid*    The  solution  has  a  dark  brown  color 
and,  on  standing,  liberates  chlorine,  leaving  manganous  chloride 
:       behnid.         •  ...  ;  i 

Manganic  sulphate,  Mn2  (S  04)3,  is  a  deep  green,  amorphous    powder 

which  ifi  produced  by  heating  finely  divided  manganese  dioxide 

-  with  concentrated  sulphuric  acid  to  110°.    A  portion  of  the  oxy- 

.     gen  0f  the  iqlioxide  then  passes  off,  while  manganese  sulphate 

remains.    The  reaction  can  be  considered  as  taking  pjp,ce  in  two 

stages:  ^ 

•       '  1.    2  Mn  O2  =  'Mn2  Oj  +  0  .  • 

2.    Mn2  Og  +  3  H2  S  O4  =  Mn2  (S  O^),  +  3  H2  O" 

i.      •  '        ,  ....■■...        .       • . 

If  the  heating  be  carried  too  far,  more  oxygen  will  be  evolved 

and  manganous  sulphate,  Mn  S  O4,  will  remain!  Manganic  sul- 
phate is  interesting  because  it  forms  compounds  with  the  sul- 
phates of  the  alkali  metals  which  are  isomorphous  with  the 
alums,  this  fact  illustrating  the  close  resemblance  between 
trivalent  manganese,  aluminium,  chromium  and  iron.  Potas- 
sium-manganic sulphate  has  the  formula  K2  S  O^,  Mn2  (S  OJj  + 
24  H2  O  (see  page  327). 

Mariganous-manganic  o:itide,  Mng  O4,  occurs  as  a  brownish-black, 
crystalline  mineral  known  as  hausmannife,  it  is  produced  by  heating 
any  of  the  other  oxides  of  manganese,  when  in  contact  with  the 
air,  to  a  red  heat.*  Manganous-manganic  oxide  is  considered 
as  being  a  manganous  salt  of  ortho  manganous  acid  (the  hydroxide 
of  manganese  dioxide,  Mn  (O  H)^,  being  designated  as  manganous 
acid),'\     This  theory  is  expressed  by  the  following  formula: 


8} 

Mn  (O  H),  +  2  Mn  O  =        Mdj  O,       +  2  H^  O; 


Mn^  Q^  +  2  Mn  O  =  Mn^  ^  :j         -f  2  H^  O; 

OH  \r.[Mn 


and  is  borne  out  by  the  fact  that  manganous-mangariic  oxide,  when 
treated  with  dilute  nitric  or  sulphuric  acid,  forms  manganous  nitrate 
or  sulphate,  while  manganese  dioxide  is  left  behind: 

*  The  oxide  Mnj  Og  is  stable  when  in  an  .atmosphere  of  oxygen,  if  the  tempera- 
ture is  no  higher  than  that  of  a  Bunsen  burner.  At  white  heat  It  is  also  converted  into 
MD8O4. 

t Manganous  acid  would  thus  be  parkllel  with  sulphurous  acid:— S  Ost  sulphur 
dioxide;  Hf  8  Og.  sulphurous  acid ;  H4  S  0^\  orthosulphurous  acid.  Mn  O2.  manganese 
dioxide;  Ht  Mn  Og,  manganous  acid;  H4  Mh  O4,  ortliomanganous  acid. 
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1.  Mn  O,  Mn^  -f  4  H  N  O,  =  Mn  (O  H),  +  2  Mn  (N  03)3. 

2.  Mn  (O  H)^  =  Mn  O,  +  2  H^  O. 

This  reaction  is  similar  to  that  encountered  with  Pb,  0^  (see  page 
312). 

Jfaviganese  dioxide,  Mn  O,,  is  probably  the  most  important  com- 
pound of  manganese.  It  occurs  in  large  quantities  as  a  mineral 
which  is  named  pyrolusite.  The  latter  has  a  steel-grey  color, 
metallic  lustre  and  crystallizes  in  prisms  belonging  to  the  rhombic 
system.  A  considerable  amount  of  this  oxide  is  mined  in  the  New 
England  States  and  in  California.  Manganese  dioxide  can  be  pre- 
pared artificially  by  oxidizing  manganous  carbonate  with  an  alkaline 
solution  of  chlorine  (see  pages  115  and  116). 

Manganese  dioxide,  when  heated  to  a  high  red  heat,  loses  oue- 

third  of  its  oxygen  and  changes  into  manganous-manganic  oxide 

(see  page  18): 

3  Mn  O2  =  Muj  O,  +  2  O. 

During  this  decomposition  the  dioxide  first  changes  into  manganic 
oxide,  Mug  Og,  and  then  the  latter  compound  loses  the  quantity 
of  oxygen  necessary  to  produce  Mn.,  O4  as  the  temperature  is 
increased  to  a  high  red  heat.  Acids  decompose  manganese  dioxide. 
When  acting  in  the  cold  they  not  infrequently  produce  manganic 
salts,  while  the  surplus  of  oxygen  is  liberated  (see  page  437);  on 
the  other  hand,  hot  acids  leave  manganous  salts  behind.  Of  course, 
if  any  oxidizable  substance  is  present,  the  liberated  oxygen  does  not 
pass  off  as  such,  but  is  used  up  in  the  work  of  oxidation.  The 
reaction  when  warm  sulphuric  acid  is  brought  in  contact  with  man- 
ganese dioxide  is  as  follows: 

Mn  O2  H-  H2  S  0,  =  Mn  S  O,  +  Ha  O  +  O, 

but,  on  the  other  hand,  hydrochloric  acid,  because  it  is  readily 
oxidized,  liberates  chlorine: 

Mn  O2  +  4  H  CI  =  Mn  CI2  +  2  H2  O  +  2  CI. 

In  the  latter  case  it  is  not  at  all  improbable  that  Mn  Cl^  is  at  fir?t 
formed  and  that  the  latter  salt  subsequently  breaks  down  into  man- 
ganous chloride  and  chlorine  (see  pages  58  and  59).*    The  reactions 

rf' 

^Recent  investigations  render  it  probable  that  the  chloride  MnCli,  wnen  formed, 
assumes  the  part  of  an  acidic  anhydride  an^.*:  uniting  with  the  excess  of  hydrochloric 
acid,  which  is  present,  forms  an  acid  of  the  formula  Hs  Mn  CI«.  analoisoos  to  Hf  Si  F« 
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of  manganese  dioxide  are  very  similar  to  those  of  the  corresponding 
compound  of  lead  (see  page  812).  Several  hydroxides  related  to 
manganese  dioxide  are  known.  The  simplest  of  these  is  Mn  O  (O  H)2. 
The  hydroxides  have  acidic  properties^  and  form  salts  which  are 
designated  as  manganites.  However,  none  of  the  latter  ate  derived 
from  the  simple  ortho  or  meta,- hydroxides  —  Mn  (O  H)^  or 
Mu  O  (O  H)2 — but,  like  the  salts  of  so  many  acids  which  we  have 
already  studied,  they  are  produced  by  complicated  poly-manganous 
acids.  Two  examples  of  the  latter  are  Hg  Mnj  O,  and  Hg  Mng  .0„ ; 
their  formation  might  be  imagined  as  taking  place  as  follows: 

1.  2  Mn  O  (O  H)2  =  H2  Mn2  O5  +  Ha  O. 

2.  5  Mn  O  (O  H)2  =  Hj  Muj  0„  +  4  H2  O. 

PotaBsium  peniamanganiiei  Kj  Mnj  On,  is  formed  by  passing  carbon  dioxide 
into  a  solution  of  potassium  manganate. 

Calcium  dimanganitef  Ca  Mn,  O5,  is  important  because,  when  treated  with 
hydrochloric  acid,  it  generates  chlorine: 

Ca  O,  2  Mn  Oj,  +  10  H  CI  =  Ca  CI,  -f  2  Mn  CI,  +  5  H,  O  +  4  CI. 
This  salt  is  readily  produced  by  heating  a  mixture  of  manganous 
hydroxide  and  calcium  hydroxide  in  a  current  of  air,  so  that  a 
method  "f  of  utilizing  the  waste  manganous  chloride,  which  was 
formerly  lost  during  the  commercial  preparation  of  chlorine, 
has  been  founded  on  this  reaction. 

When  manganese  dioxide  is  fused  with  a  caustic  alkali  in  the 
presence  of  an  oxidizing  agent,  or  even  in  the  air,  a  manganate  is 
produced.  The  mangan^tes,  in  chemical  composition,  are  analogous 
to  the  sulphates,  chromates  and  molybdates,  etc.  This  will  be  seen 
from  the  following  f ormlse : 

K2  Mn  O4,  potassium  manganate. 

K2  Cr  O4,  potassium  chromate. 

Kj  Mo  O4,  potassium  molybdate. 

and  to  other  similar  compounds  which  we  have  encountered  (see  pa^es  291,  305,  318).  The 
'  compound  Ht  Mn  Cle  then  breaks  down  as  follows: 

H«  Mn  Cle  =  2  H  CI  +  Mn  CU  +  2  01. 

It  Is,  however,  very  certain  that  the  compound  is  not  alone  present  in  the  beginning  of  the 
reaction  between  hydrochloric  acid  and  manganese  dioxide,  for  manganese  trichloride, 
Mn  Cls,  is  also  produced: 

MnOs  -i-4HCl  =  MnCl8  +  CI  +  2  Hs  O. 

The  whole  matter  may  therefore  be  regiifded  as  not  as  yet'detinitely  settled. 

♦The  hydroxide  of  manganese  dioxide,  Mn  O  (O  H)g,  is  sufficiently  acid  in  its  pro- 
perties to  redden  blue  litmus  paper  and  to  expel  carbonic  acid  from  the  carbonates  of 
the  alkalis.    Several  of  the  hydroxides  are^ found  as  minerals;  they  are  termed  '•  wad." 

t  Weldon's  process. 
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However,  those '  manganates  which  are  soluble  in  water,  differ  very 
markedly  from  their  prototypes  in  one  particular;  they  are  very 
readily  decomposed  by  the  addition  of  an  excess  of  the  solvent  and 
are  only  stable  in  alkaline  solution.  In  so  decon:iposing,  they  change 
into  permanganates  and  manganese  dioxide.  The  manganates,  when 
dry,  have  a  deep  red  color.  They  are  powerful  oxidizers  and  only 
the  salts  of  the  alkali  metals  are  soluble  in  water.  The  dolutione 
are  green,  but  change  to  red  on  addition  of  an  acid.*  Neither  man- 
ganic  acid,  H^  Mn  'O^,  nor  its  anhydride,  Mn  O3,  have  been  isolated. 
The  anhydride  of  pertnangariic  adid,  Muj  O7,  is  the  only  one  of 
the  oxides,  lying  in  genetic  relationship  to  the  acids  of  the  chlorine 
family  which  represent  the  highest  stage  of  oxidation,  which  has 
been  isolated.  It  is  a  dark  green,  almost  black,  oily  liquid  produced 
by  adding  potassium  permanganate,  in  small  quantities,  to  concen- 
trated sulphuric  acid.  The  liquid  must  be  cooled  by  means  of  a 
mixture  of  snow  and  salt  during  the  process,  and,  after  the  operation 
is  completed,  warmed  to  60°,  when  the  anhydride  distils.  Muj  O-  is 
extremely  unstable;  if  allowed  to  stand  it  spontaneously  liberates 
oxygeu  and  leaves  manganic  oxide,  Mug  Og;  it  is  a  most  powerful 
oxidizer;  paper  or  alcohol  are  instantly  ignited  by  it.  When  added 
to  water.it  forms  permanganic  acid: 

Mua  O,  +  H2  O  =  2  H  Mn  O,. 

Permanganic  acid  is  entirely  analogous  to  perchloric  acid.  It 
can  be  produced  by  decomposing  a  solution,  of  barium  permanganate 
with  exactly  the  requisite  amount  of  sulphuriq  acid.  By  means  of 
the  ensuing  double  decomposition,  insoluble  barium  sulphate  and 
permanganic  acid  are  produced : 

Ba  (Mn  O,),  +  Hg  S  O4  =  Ba  S  0^  +  2  H  Mn  O,; 

the  red  solution  so  formed  is  then  evaporated  to  dryness,  when  per- 
manganic acid  remains  in  the  form  of  a  reddish-brown,  crystalline 
substance.     Permanganic  acid  is  quite  unstable,  it  breaks  down, 

*Due  to  the  formation  of  a  permanganate: 

5  Kb  Mn  O4  +  4  Hg  S  O4  =:  4  E  Mn  O4  +  Mn  S  O4  -1-  3  Kg  8  O4  +  4  Ht  O. 

When  water,  and  not  acid,  is  added  to  the  manganate,  a  hydroxide  derived  from  Mn  Og  is 

formed: 

3  Kg  Mn  O4  +  3  Hs  O  =  2  E  Mn  O4  +  Mn  O  <0  H)8  +  4  K  O  H. 

The  potassium  hydroxide  will  then  react  with  the  hydroxide  of  manganese  to  form  s 
manganite.   Very  weak  acids  (such  as  carbonic  acid)  facilitate  the  efaanfce. 
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^when  exposed  to  the  light,  and  its  solutions,  likie  those  of  perchloric 
a,cid,  are  powerful  oxidizers. 

The  most  important  permanganate  is  th^  perfnanganatd  of  potas- 
sium; this  salt  is  produced,  as  was  mentioned  on  page  440,  by  fusing 
manganese  dioxide  with  a  mixture  of  potassium  hydroxide  and  an 
oxidizing  salt  (such  as  potassium  nitrate  or  potassium  chlorate*); 
the  dark  green  flux  then  contains  potassium  m^ngariate,  the  latter  is 
converted  into  the  permanganate  by  dissolving  in  water  and  then 
passing  carbon  dioxide  into  the  solution. f  Potassium  permanganate 
crystallizes  in  long  prisms,  belonging  to  the  monoclinic  system,  the 
crystals  are  dark  green,  almost  black  in  color,  their  solution  in 
•water  has  an  intense  reddish-purple  color;  the  salt  is  a  most  power- 
ful oxidizing  agent.  In  oxidizing  with  potassium  permanganate 
there  is  an  essential  difference  between  the  action  of  the  salt  in  acid 
or  in  allcaline  solution;  in  the  former  event  the  permanganate 
changes  to  a  manganoutS  salt*  in  the  latter  to  manganese  dioxide, 
respectively  to  a  manganite. 

1.     Add  solution, 

2  K  Mn  O,  -f  3  H2  SO,  =  E;  SO,  +  2  Mn  SO,  +  5  O  +  3  Hg  O. 

Alkaline  solution. 

a.  2  K  Mn  O,  +  2  KOH  =  2  K.^  Mn  O,  +  H^  O  +  O; 

b.  2  K2  Mn  O4  +  2  H2  O  =  4  KOH  -f  2  Mn  O^  +  2  O. 

The  first  change,  in  alkaline  solution,  is,  therefore,  from  the  per- 
manganate to  the  manganate,  the  second  from  the  manganate  to 
manganese  dioxide;  of  course,  the  latter  substance*  subsequently 
produces  a  manganite  with  the  excess  of  caustic  potash  which  is 
present;  from  these  equations  it  follows  that,  for  every  two  for- 
mula-weights of  potassium  permanganate  in  acid  solution,  there 
are  five  atoms  of  oxygen  to  be  used  in  oxidation,  while  for 
every  two    formula   weights   in   alkaline   solution,    there   are   but 

*  The  oxygen  of  the  atmosphere  Is  also  able  to  effect  the  change, 
t  The  reaction  Is  as  follows; 

3  Kb  Mn04  +  2CO,  =  2Ka  COg  +  2  K  Mn  O4  +  MnO«; 

the  reactions  taking  place  on  the  addition  of  water  or  of  sulphuric  acid  are  given  on 
page  440,  foot  note. 
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three;  the  following  two  equations  illustrate  the  application  of 
these  rules: 

2  K  Mn  O,  +  3  Ho  S  O4  +  5  ITa  S  Oa  =  K^  8  O*  +  2  Mn  8  O,  + 

5  fls  S  O4  +  3  H2  O. 
2  K  Mn  O,  +  3  A^a2  S  0,  4-  Ha  O  =  2  K  O  H  +  2  Mn  O^  + 

SNa^SO,. 

Owing  to  its  oxidizing  powers,  potassium  permanganate  is  frequently 
used  as  a  disinfecting  agent - 

Manganese,  with  its  diversity  of  compounds,  in  which  it  displays 
such  a  great  difference  in  valence,  serves  admirably  to  illustrate  the 
fact  that  the  chemical  behavior  of  an  element  is,  to  a  large  extent, 
relative,  and  that  the  properties  of  its  compounds  depend  just  as 
much  upon  the  elements  with  which  it  is  united,  and  upon  the  manner 
of  such  union,  as  it  does  upon  the  individual  characteristics  of  the 
element  itself.  Manganese,  when  entering  into  the  formation  of 
mangauous  salts,  is  far  more  like  magnesium  or  zinc  than  it  is  like 
manganese  in  the  manganates  or  permanganates;  when  manganic 
oxide,  as  a  base,  has  united  with  acids  to  form  manganic  salts,  then 
manganese  resembles  trivalent  chromium,  iron  or  aluminium  even 
to  such  an  extent  that  its  sulphate  will  form  alums;  in  the  man- 
ganates the  element  may  be  compared  to  sulphur  in  the  sulphates 
while,  lastly,  the  permanganates  are  analogous  to  the  perchlorates 
or  periodates.  One  essential  distinction,  however,  remains  as  exist- 
ing between  the  various  compounds  of  manganese  and  the  elements 
with  which  it  has  been  compared;  the  compounds  of  manganese  can 
be  converted  the  one  into  the  other,  while,  of  course,  those  of  zinc, 
for  example,  can  never  be  changed  into  those  of  chromium  or  those 
of  iron  into  those  of  chlorine;  oxidizing  agencies  transform  ma/i- 
ganous  salts  into  manganic  salts,  manganese  dioxide,  manganates 
and  permanganates  successively,  while,  on  the  other  hand,  reducing 
agencies,  beginning  with  the  permanganates,  produce  exactly  the 
opposite  result. 

The  relationship  between  the  compounds  of  manganese  and  those 
of  a  few  other  elements  can  be  seen  from  the  following  table: 

Manganous  compounds^  ^^^^^^q  Mn  (N  08>2  V  like  \  Mg  (N  O.). 

(Oxide,  MnO)         /  Chloride,  Mn  Cl»  '   S  (  Cjf  CU 

Manganic  compounds j  Salphate,  Mnt  (8  04,)i  liiicfti  All  rso/u  R.  8 O*. 

(Oxide,  Mng  Oa)     \  Alum,  Mn,  (S  04)5  K,  8  O4, 24  Hj  o|"*^®]      '5^hV& 
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ManpinaU's      J  Potassium  manganate.  Kj  Mn  O4  I  m^g j  K«  S  04  or Kj^rp4 


(  Add,  H 2  Mu  O4)  ^  Barium  mauganate,  Ba  Mn  O4       f  "'^^  I  Ba  S  O4  or  Ba  Cr  O4 

Permanganates  j  Potassium  permanganate,  K  Mn  O4     I  ntoi  K  CI  O4 
(Acid,  H  Mn  O4)  I  Barium  permanganate,  Ba  (Mn  04)«    )         (  Ba  (01 04)9 

The  oxides  of  manganese  are,  perhaps,  most  like  those  of  lead, 
but,  in  formula,  they  also  resemble  those  of  the  type  of  the  family, 
chlorine. 


OXIDES  OF  CHLORINE. 

LEAD. 

MANGANESE. 

CIO 

PbO 

MnO 

C1,0, 

Pb^Oa 

MUa    Og 

CIO2 

PbOa         . 

MnOa 

(CI,  0,) 

Mn    0 

X'XiJq     V^T 

PbaO, 

MUgO, 

This  process  of  comparison,  were  space  to  permit,  could  be  carried 
much  farther,  and,  indeed,  the  formation  of  tables  like  the  above 
would  be  a  most  instructive  exercise  for  the  pupil. 
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CHAPTER  LIX. 


IRON,  COBALT  AKD  KICKEL. 

Iron,  symbol  Fe,  atomic  weight  56. 
Cobalt y  symbol  Co,  atomic  weight  59, 
Nickel,  symbol  Ni,  atomic  weight  58,7, 

Iron,  cobalt  and  nickel  are  members  of  the  eighth  family  of 
elements,  which  consists  of  three  groups,  each  of  which  contains 
three  individuals,  namely: 

1.  iron,  cobalt,  nickel. 

2.  Rhutheniuni,  rhodium,  palladium. 

3.  Osmium,  iridium,  platinum. 

The  properties  of  these  elements  are  such  that  they  form  a 
gradual  transition  from  the  last  elements  of  the  first  halves  of  the 
long  periods  to  the  first  ones  in  the  second;  so  that  we  would  expect 
iron  to  be  very  much  like  manganese  and  nickel  to  bear  marked 
resemblance  to  copper,  and,  indeed,  such  is  the  case.  The  valence 
of  the  elements  in  their  highest  oxides,  passing  from  manganese, 
through  iron,  cobalt  -and  nickel,  to  copper,  diminishes  with  each 
successive  individual,  as  the  atomic  weight  increases;  manganese,  in 
the  permanganates,  has  a  valence  of  seven,  iron,  in  ferric  acid,  a 
valence  of  six,  cobalt  a  valence  of  three  in  the  oxide  Cog  Og,  nickel, 
almost  without  exception,  forms  compounds  derived  from  Ni  O, 
while,  lastly,  copper  can  appear  as  a  univalent  metal  in  its  cuprous 
form. 

Mn.  Fe.  Co.  Ni.  Cu. 

Highest  valence,  VII  VI  III  II*       I  (II) 

Oxides,  Muj  O7     Fcg  Og     Coj  O3    Nig  Oj     Cuj  O. 

Iron,  cobalt  and  nickel  are  near  the  minimum  of  the  curve  of 
atomic  volumes  formed  in  the  period  of  which  they  are  members, 

*  Nickel  ccm  form  an  oxide  Nis  Og*  but  the  latter  forms  no  salts,  and  is  decom- 
posed with  the  greatest  of  ease. 
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while  the  elements  which  follow  in  the  same  period  show  a  rapid 
increase  in  their  atomic  volumes  as  we  pass  along  the  series  in  the 
direction  of  increasing  atomic  weights,  the  three  individuals  in 
question  are  therefore  malleable  and  ductile,  have  high  melting 
points'**  and  form  colored  salts.  The  physical  constants  mentioned 
in  this  connection  are  given  on  the  following  table: 


Iron. 

Cobalt, 

Nickel. 


Atomic  weight. 


56. 
5ft. 

58.7 


Specific  gravity. 


78 
8.5 

8.8 


Atomic  volume. 


7.2 

6.)) 
6.7 


MeltiDg  point. 


1770"  (?) 

1750* 

1570" 


Nickel,  owing  to  its  chemical  reactions,  specific  gravity,  atomic 
volume  and  melting  point  apparently  has  its  position  in  the  periodic 
system  immediately  following  that  of  cobalt,  although  its  atomic 
weight  is  somewhat  less  than  that  of  the  latter  element;  it  seems 
probable,  therefore,  that,  at  some  future  time,  more  exact  study  will 
prove  the  atomic  weights  of  the  two  elements  in  question  to  have 
been  inaccurately  determined  f;  if  this  should  not  prove  to  be  the 
case,  however,  then  cobalt  and  nickel  certainly  form  a  most  remarka- 
ble exception  to  Mendelejeff's  rule  in  the  arrangement  of  that  system. 

The  principal  minerals  in  which  iron,  cobalt  and  nickel  occur 

are  as  follows: 

Native  iron, — The  occurrence  of  masses  of  iron  of  terrestial  origin  has 
been  mentioned  several  times,  but  i^s  not  beyond  doubt.  Met- 
eoric iron  is  not  infrequently  found,  it  usually  contains  from 
1  to  20  per  cent,  of  nickel,  these  meteorites  contain  the  metal 
arranged  in  striae  with  a  differing  contents  of  nickel,  so  that,  as 
they  offer  a  differing  resistance  to  acids,  meteoric  iron,  when 
polished  and.  subjected  to  the  corroding  action  of  reagents,  will 
show  a  surface  marked  by  regular  etchings. 

•The  melting  points  are,  however,  lower  than  those  of  the  elements  Imme- 
diately proceeding  which  have  dimini's/unflf  atomic  volumes  with  increasing  atomic 
weights. 

tGerhardt  Kriiss  has  recently  published  some  work  in  which  he  undertakes  to  show 
that  what  has  hitherto  been  regarded  as  pure  nickel  in  reality  contains  an  admixture  of 
one.  or  more,  hitherto  uudiscovertd  elements  and  that  the  same  is  prob.ibly  true  of  cobalt. 
Some  of  the  fractions  into  which  Kriiss  divided  nickel  have  an  atomic  weight  lying 
between  56  and  58,  the  others  between  60  and  100:  of  course  in  view  of  these  results,  the 
atomic  weights  of  cobalt  and  nickel  are  as  yet  undetermined.  Clemen"*  Winckler,  how- 
ever, in  view  of  his  previous  Investigations  of  the  atomic  weight  of  nickel  and  in  view  of 
a  review  of  some  parts  of  his  former  work,  which  he  instituted  with  apparently  pure 
materials,  doubts  Kriiss's  results,  so  that,  until  further  light  Is  thrown  on  tlie  subject,  the 
old  theories  as  regards  cobalt  and  nickel  must  be  maintained.  See  Kriiss  and  Schmidt, 
Berichte  d.  Deutsch.  Chem.  (lesell.  22;  11  and  2026;  Clemens  Winckler,  ibid,  890. 
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Iron  pyrites,  Fe  S,  occurs  in  rocks  of  all  ages,  it  isomorphous  with 
arsenical  pyrites,  Fe  As  S,  with  the  sulphide  of  manganese, 
Mn  Sj  (Hauerite)  and  with  the  sulphides  and  arsenides  of  cobalt 
and  nickel,  having  the  general  formulse  M  Sj,  M  ASj  or  M  As  S. 
Iron  pyrites  is  dimorphous,  fojr  a  mineral  of  the  same  formula, 
belonging  to  a  different  crystalline  system,  is  known,  this  mineral 
is  called  markasite. 

Ferrous  sulphide,  Fe  S,  is  found  as  troilite. 

A  ferric  sulphide,  Fcj  Sg,  frequently  plays  the  part  of  an  acidic  anhydride 
and  with  bases,  such  as  Cu2  S,  Ag^  S  or  Cu  S,  forms  minerals  of 
which  chalcopyrite,  Cu^  S,  Feg  S3  =  2  Cu  Fe  82,  is  an  example  (see 
page  376). 

Hematite  (specular  iron)  is  ferric  oxide,  FCa  O3.  It  is  one  of  the  most 
important  iron  ores  and  occurs  in  rocks  of  all  ages. 

Magnetite  (magnetic  iron  ore)  is  ferrous  ferric  oxide,  Fe  O,  Fcg  O3  =  Fcs  O^. 
This  oxide  is  isomorphous  with  the  spinells  (page  326)  and  is 
probably  similarly  constituted. 

Various  hydroxides  of  ferric  oxide  are  also  frequently  met  with.  The 
chief  representative  of  this  most  important  class  of  minerals  is 
limoniie  (brown  hematite)  Fe^  O9  Hg  =  2  Fcj  O3  -f-  6  Ha  O. 

Siderite  (spathic  u*on)  is  ferrous  carbonate,  Fe  C  O3.  It  occurs  in  manj' 
rock  strata,  in  gneiss,  mica  slate,  clay  slate  and  with  the  coal 
formation.    It  is  isomorphous  with  calcite. 

Iron  is  also  found  as  a  constituent  of  a  large  number  of  silicates.  In 
consequence  of  the  disintegration  of  the  rocks  in  which  it  occurs, 
it  finds  its  way  into  the  soil  and  into  the  natural  waters.  It  is  an 
invariable  constituent  of  chlorophyll  (the  green  coloring  matter 
of  leaves)  and  it  is  always  found  in  the  haemoglobin  of  the 
blood. 

Cobalt  chiefly  occurs  as  cohaltite,  Co  As  8  (Co  Sj  -f-  Co  As,),  isomorphous 
with  iron  pyrites;*  as  smaltile,  Co  (Fe  Ni)  Asa,  also  isomorphous 
with  iron  pyrites;  and  as  danaite,  (Fe,  Co)  (As  8)2,  isomorphous 
with  markasite.  Cobaltous  carbonate,  (sphaerocobaltite)  Co  C  O,, 
is  also  sometimes  found,  as  well  as  the  arsenate,  C03  (As  0^)2  -f- 
8  H2  O,  which  is  called  erythrite. 

Nickel  occurs  in  meteorites  as  an  alloy  of  iron;  as  gersdorfite,  Ni  As  8, 
isomorphous  with  cobaltite  and  iron  pyrites;  as  the  arsenide, 
niccolite,  Ni  As  (isomorphous  with  zinc  blende,  page  403);  as  a 
basic  carbonate,  and  as  the  arsenate. 

*  As  might  be  expected,  cobalt  replaces  iron  Isomorphously,  but  in  this  mineral 
we  have  another  phenomenon  which  is  not  so  self-evident,  namely  arsenic  replaces 
sulphur  isomorphously.  This  substitution  is  not  infrequent  in  the  group  of  mineralzi; 
of  which  iron  pyrites  is  the  representative  (see  page  224). 
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Iron,  cobalt  and  nickel  are  all  easily  reduced  from  their  oxides 
hj  means  of  charcoal.  The  metallurgy  of  iron  is  among  the  most 
important  commercial  operations  of  the  present  time.  In  the  pre- 
paration of  this  metal  the  most  important  ores  are  the  oxides , 
hydroxides  and  the  carbonate.  The  ores  are  crushed  and  roasted  for 
the  purpose  of  burning  the  sulphides,  expelling  the  water  and 
changing  the  oxides  as  much  as  possible  into  ferric  oxide,  Fcg  O3. 
They  are  then  reduced  in  a  blast  furnace.  The  latter  consists  of  a 
shaft,  varying  in  height  from  fifty  to  ninety  feet,  with  a  maximum 
diameter  of  from  fourteen  to  seventeen  feet,  the  shaft  being  shaped 
like  two  truncated  cones  united  at  their  bases;  below  these  is  a  cir- 
cular chamber  or  hearth  which  is  built  of  stone  or  firebrick  and 
which  is  open  at  one  side.  The  remainder  of  the  furnace  is  con- 
structed of  firebrick  and  encased  in  boiler  iron.  The  blast  is  intro- 
duced through  two  openings,  termed  tuyeres,  at  the  bottom  of  the 
furnace  and  the  air  which  is  forced  in  through  these  is  heated  by 
means  of  the  waste  gases  passing  from  the  furnace.  The  furnace  is 
charged  with  alternate  layers  of  calcined  iron  ore,  coke  or  charcoal, 
and  limestone.  The  latter  substance,  uniting  with  the  siliceous 
matter*  which  is  present  in  the  ore,  forms  a  fusible  glass  called  the 
slag,  which  surrounds  the  finely  divided  metal  during  the  first  stages 
of  the  reduction  and  prevents  oxidation. f  The  slag  is  allowed  to 
run  off  over  a  dam  which  is  sufficiently  high  to  retain  the  molten 
iron  in  the  furnace. 

The  chemical  changes  which  take  place  in  a  blast  furnace  are 
quite  complicated,  and  all  of  them  are  not,  as  yet,  definitely  under- 
stood; however,  the  most  important  reactions  in  the  production  of 
cast  iron  are  as  follows.  The  carbon,  uniting  with  the  oxygen 
entering  from  the  tuyeres,  forms  carbon  dioxide,  and  the  latter,  in 
passing  over  red  hot  coke  or  charcoal,  is  reduced  to  carbon  monoxide 
(see  page  275);  hot  carbon  monoxide  now  comes  in  contact  with  the 
descending  charges  of  ore  and  reduces  the  oxide  to  a. spongy  form  of 
iron,  which  soon  becomes  coated  with  slag: 

Fe2  O3  +  3  CO  =  2  Fe  +  3  CO2; 

•Feldspar,  slate,  quartz,  etc. 

flf  the  ore  contains  limestone  In  sufficient  or  excessive  quantity,  it  may  be  neces- 
sary to  add  siliceous  matter  such  as  feldspar.  The  lime  prevents  the  rorniation  of  a 
ferruginous  slag,  which  would  entail  a  loss  of  iron. 
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the  portion  of  the  furnace  in  which  this  reduction  occurs  has  a  tem- 
perature of  from  600°  to  900°.  The  spongy  metal  passes  downward 
in  the  furnace,  the  temperature  increasing  to  1000°  at  the  widest 
part  of  the  furnace;  at  this  point  the  iron  takes  up  carbon  to  form  a 
chemical  combination  with  that  element,  and,  at  a  lower  zone,  when 
the  temperature  is  about  1400°,  the  mass,  which  has  been  in  a 
pasty  condition,  melts  and  runs  down  into  the  hearth.  The  latter 
is  tapped  from  time  to  time  and  the  iron  cast  into  semicylindrical 
molds  called  **  pigs."  Pig  iron  is  quite  impure,  it  contains  carbon, 
phosphorus,  silicon,  sulphur  and  manganese  and  is  divided  into  two 
chief  classes,  white  cast  iron^  and  grey  cast  iron;  the  former  contains 
its  carbon  chemically  united  with  the  iron,  the  latter,  in  consequence 
of  the  presence  of  silicon,  has  separated  the  greater  portion  of  its 
carbon  in  the  form  of  graphite;  the  proportion  of  carbon  in  white 
iron  is  from  .2  to  2.67  per  cent.;  in  grey  iron,  combined  carbon,  .04 
to  .618  and  graphite  from  1.8  to  4.4  per  cent.;  if  the  iron  ore  con- 
tained a  considerable  quantity  of  manganese,  the  latter  is  reduced 
with  the  iron  and  the  alloy  so  formed  is  capable  of  taking  up  a  con- 
siderably greater  quantity  of  carbon  (as  high  as  6.9  percent.)  this 
form  of  iron  is  known  as  spiegeliron.  Cast  iron  is  brittle,  easily 
fusible,  and  cannot  be  welded  or  tempered,  when  treated  with  hydro- 
chloric acid  it  dissolves,  while  the  combined  carbon  passes  off  in  the 
form  of  hydrocarbons  which  possess  a  most  disagreeable  odor,t  the 
graphite  remains  undissolved. 

Wrought  iron  is  produced  from  cast  iron  either  by  puddling  or 
cementation;  the  first  method  consists  of  melting  cast  iron  in  contact 
with  the  air  and  then  blowing  hot  air  through  the  mass  of  metal, 
by  this  means  the  carbon,  phosphorus^,  silicon,  etc.,  are  burned  out 
and  removed;  the  second  method  consists  in  melting  cast  iron  with 
pure  ferric  oxide,  the  latter  oxidizing  the  impurities  which  are 
present.  Wrought  iron  contains  less  than  .6  per  cent,  of  carbon  J 
and  very  small  amounts  of  silicon  and  phosphorus,  it  possesses  a 
fibrous  texture,  is  malleable  and  ductile  and  melts  at  about  1900°. 

Steel  contains  more  carbon  than  wrought  iron,  and  generally  less 

*  White  cast  Iron  is  formed  at  a  lower  furnace  temperature  than  grey  cast  iron, 
or  spiej?eliron. 

t  The  odor  has  also  been  attributed  to  phosphine. 
t  When  it  contains  more  than  .6  per  cent,  it  Is  steel. 
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than  cast  iron ;  it  is  produced  by  the  process  of  cementation  or  by  the 
Bessemer  steel  process.  Cementation  steel  is  produced  by  heating 
wrought  iron  with  powdered  charcoal  until  it  has  taken  up  the 
requisite  amount  of  carbon,  or  by  fusing  pure  wrought  iron  with  an 
impure  iron  containing  carbon  (spiegeliron),  the  quantity  ot:  the 
latter  being  adjusted  so  as  to  form  the  product  required. 

The  Bessemer  steel  process  produces  steel  directly  from  cast  iron; 
it  consists,  briefly,  of  first  burning  out  the  impurities  in  uieltcd  cast 
iron,  by  placing  the  latter  in  a  large  crucible  and  forcing  air  in 
through  the  bottom  and  then,  after  stopping  the  blast,  of  adding 
spiegeliron*  until  the  requisite  amount  of  carbon  is  present.  Besse- 
mer steel  is  used  in  the  manufacture  of  rails  and  of  other  large  steel 
implements;  it  contains  from  .7  to  2.4  per  cent,  of  combined  carbon. 
When  steel  is  heated  and  rapidly  cooled,  by  plunging  into  water,  it 
becomes  very  hard  and  brittle,  this  hardened  steel,  when  once  more 
heated  and  allowed  to  cool  slowly,  becomes  elastic,  the  process  being 
called  tempering;  the  metal  is  capable  of  taking  a  very  high  polish. 

Chemically  pure  iron  can  be  prepared  by  reducing  either  the 
pure  oxide,  oxalate  or  chloride  of  iron  in  a  current  of  hydrogen,  it 
has  a  specific  gravity  of  7.84  and  a  melting  point  .between  1550°  to 
1600°,f  it  is  bluish  grey,  almost  white  in  color  and  is  malleable  and 
ductile;  one  of  the  most  striking  physical  properties  that  it  possesses 
is  that  of  magnetism.  Pure  iron  loses  its  magnetism  as  soon  as  a 
magnet,  which  has  been  placed  in  its  neighborhood,  is  removed,, 
steel,  however,  is  able  to  retain  the  property.  Pure  iron  is  not  at- 
tacked by  dry  oxygen  at  ordinary  temperatures,  when  exposed  to. 
moist  air  it  undergoes  slow  oxidation,  forming  ferric  oxide ,  Fcg  O3; 
if  it  is  heated  in  oxygen  it  burns,  forming  Fej  O^,  mixed  with  Feg  O3.. 
(See  page  21);  it  unites  with  the  halogenes  in  the  same  manner;  iron 
will  rust  placed  when  under  water  which  contains  dissolved  oxygen, 
this  action  is  accelerated  by  the  presence  of  acids  and  retarded  by  the 
presence  of  alkalis.J  Dilute  hydrochloric  or  sulphuric  acids  dis- 
solve iron,  liberating  hydrogen  and  forming  ferrous  chloride  and 

♦  If  the  cast  Iron  contains  a  large  amount  of  phosphorus  the  crucibles  (conver- 
ters) are  lined  with  limestone,  the  phosphorus  is  then  oxidized  and  forms  calcium 
phosphate  with  the  limestone. 

+  The  meltiiu:  point  of  pure  iron  has  been  varioinly  given  as  being  1560° ;  1587° ;  icoo° ;: 
1800°. 

t  TherustiBg  is  also  assisted  by  the  presence  of  saKs,  especially  of  ammonium, 
2\) 
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ferrous  sulphate  respectively,  (see  page  30,);  concentrated  sulphu- 
ric acid,  when  cold,  is  without  action,  when  heated  with  iron  it  liberates 
sulphur  dioxide  and  produces  ferric  sulphate  (see  page  133);  con- 
centrated nitric  acid  has  the  same  effect  on  iron  as  it  has  on  alum- 
inum (see  page  322),  the  metal  does  not  dissolve  but  is  transferred 
to  the  ** passive  state;''  when  in  this  condition  it  is  no  longer  at- 
tacked by  the  dilute  nitric  acid  nor  will  it  separate  copper  from  a 
solution  of  copper  sulphate,  a  reaction  which  ordinary  iron  very 
readily  enters  into: 

.    •         Cu  SO,  +  Fe  =  Fe  SO,  +Cu* 

Several  explanations  as  to  the  reason  of  this  condition  have  been 
off  erred.  One  of  these  is  that  the  iron  becomes  covered  with  a  verv 
thin  layer  of  ferrous-ferric  oxide,  which  is  insoluble  in  nitric  add, 
this  theory,  however,  is  without  absolute  experimental  proof .'^ 
Dilute  nitric  acid  dissolves  iron,  forming  ferrous  nitrate ^  while  a 
portion  of  the  acid  is  reduced  to  ammonium  nitrate  (see  page  198,  a). 

Cobalt  is  quite  difficult  to  obtain  in  a  pure  state,  because  its  ores  always 
contain  iron  and  nickel,  from  which  latter  element  the  metal  is 
not  easy  to  separate,  and  copper,  bismuth,  lead  or  silver  may 
also  be  present.  The  chief  points  in  the  separation  are;  first,  the 
burning  away  of  the  sulphur  and  arsenic  present  in  the  ores 
(see  page  2^9)  and  secondly,  the  separation  of  the  copper,  bis- 
muth, etc.,  by  means  of  sulphuretted  hydrogen, after  the  oxides 
produced  by  the  roasting  have  been  dissolved  in  acids.  The 
;solutions,  which  remain  after  the  sulphides  which  have  been 
precipitated  have  been  filtered  off,  are  treated  with  chlorine 
;and  calcium  hypochlorite,  by  this  means  the  cobalt  salts,  which 
iire  present,  are  oxidized  to  insoluble  cobaltic  oxide  before 
those  of  nickel  are  attacked,  the  cobaltic  oxide,  when  the  opera- 
tion has  gone  just  far  enough,  is  separated,  dried,  and  reduced 
to  metallic  cobalt  by  heating  in  a  current  of  hydrogen. 

Nickel  is  more  easily  obtained  than  cobalt,  for  the  reason  that  it  is  pres- 
ent in  greater  quantity  and  that  its  ores  are,  as  a  rule,  purer. 
The  sulphides  or  arsenides  of  nickel  are  roasted  in  the  same 
manner  as  those  of  cobalt,  the  oxide  so  obtained  is  mixed  with 
charcoal  and  heated,  by  which  means  reduction  to  metallic 
nickel  takes  place. 


<  I  ■»  ■  » ■ 


*  See  page  301,  foot  note. 

t  In  support  of  this  theory  is  the  fact  that  tne  passive  state  can  also  be  produced 
by  otlier  oxidizing  agents,  such  as  cbioric,  hromic,  iodic  or  chromic  acids.  Another 
theory  of  considerable  plausibility  is  that  tlie  iron  becomes  covered  with  a  thin  layer  of 
gas»botli  hypotheses  are  borne  out  by  the  fact  that  passive  iron,  when  rubk>6d,  returns 
to  its  normal  state. 
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Cobalt  forms  crystalline,  metallic  plates  which  have  a  specific 
gravity  of  8.5  and  which  melt  at  a  somewhat  lower  temperature 
than  iron.  Like  the  latter,  cobalt  is  capable  of  attracting  the 
ipagnet.  The  metal  is  susceptible  of  a  very  high  polish,  is  malle- 
able and  very  ductile.  The  metal,  after  it  has  been  cast  into 
solid  pieces,  is  entirely  unaltered  by  the  action  of  the  air,  but, 
at  white  heat,, burns  to  form  cohaltous-cnbaltic  oxide,  Cog  O^. 
When  heated  aud  theu  plunged  into  concentrated  nitric  acid  it 
becomes  ** passive.''  Hydrochloric  or  sulphuric  acid  slowly  dis- 
solve the  metal,  forming  cobaltous  chloride  and  cohaltous  sulphate 
respectively.  Dilute  nitric  acid  readily  dissolves  cobalt  to  produce 
cobaltous  nitrate. 

NiakeL — It  is  doubtful  if  chemically  pure  nickel  has  ever  been 
obtained  (see  page  445) ;  that  which  has  hitherto  been  regarded  as 
such  is  produced  by  reduction  from  the  pure  oxalate  of  nickel. 
When  cast  into  cubes  it  is  a  lustrous,  almost  silver- white  metal 
which  is  nearly  as  n;ialleable  and  ductile  as  iron.  It  melts  at  a  tem- 
perature lower  than  the  melting-point  of  either  cobalt  or  iron.  It  is 
attracted  by  the  magnet  at  ordinary  temperatures,  but  loses  this 
property  when  heated  to  350°.  Nickel,  which  has  been  cast  into 
solid  pieces,  is  not  oxidized  in  the  air  and  it  scarcely  burns  even 
w^hen  heated  white  hot  in  an  atmosphere  of  oxygen.  The  metal  is 
but  slowly  attacked  by  hydrochloric  or  sulphuric  acids;  it  readily 
dissolves  in  nitric  acid  to  form  nickelous  nitrate.  Concentrated 
nitric-  acid  renders  the  metal  **  passive."  The  specific  gravity  of 
nickel  is  8.9. 

Alloys  of  iron  which  are  of  commercial  importance  are  those  with 
zinc  and  tin,  as  the  covering  of  iron  plates  with  those  metals 
depeilds'oDthe  formation  of  alloys.  Alloys  of  manganese,  tungsten 
oi:  nickel,  with  steel,  possess  great  toughness. 

Alloys  of  nickel  are  used  in  the  preparation  of  coins,*  in  the 
forijiation  of  German  silver  (which  contains  copper,  zinc  and  nickel) 
and  in  a  number  of  other  ways.  Nickel  plating  is  accomplished  by 
electrolyzing  ia  solution  of  nickel-ammonium  sulphate, f  the  metal  to 
be  covieted  being  the  negative  electrode. 

•  *      '      . 

fc      >'    ■      »  ■,    1 J'  >       ■        > — • — — ~-m- ■■ ■  *  ■ 

•Ihe  nickel  coins  of  tlie  Uoited  States  contain  75  per  cent,  copper  and  25  per  cent 
nickel.  , 

■  '   '  +8t6el  can  be  nickel  plated  by  simply  plunging  into  a  bath  of  nickel-ammonium  sul- 
fkbate;  ''  ' 
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Compounds  of  iron: — Iron  forms  two  series  of  compounds,  ferrous 
compounds,  in  which  the  metal  is  divalent,  and  ferric  compounds, 
in  which  it  is  trivalent.  Besides  these  two  stages  of  oxidation, 
there  exists  a  ferric  acid,  (the  anhydride  of  which  would  be  Fe  O3) 
in  which  iron  is  hexavalent. 

Ferrous  oxide ^  Fe  O,  is  produced  by  reducing  ferric  oxide  in  a 
current  of  hydrogen;  the  corresponding  hydroxide,  is  Fe  (O  H)2. 
The  latter  is  precipitated  by  adding  ammonia  water  to  a  solution  of 
d^  ferrous  salt;  the  precipitate  is  white,  but  rapidly  turns  brown  on 
exposure  to  the  air,  while  ferric  hydroxide  is  produced.  Both  fer- 
rous oxide  and  hydroxide  are  bases;  they  dissolve  in  acids  to  form 
ferrous  salts. 

Ferrous  chloride  is  produced  by  dissolving  iron  in  hydrochloric,  acid  while 
excluding  the  air.  The  dry  salt,  Fe  Clj,  can  then  be  isolated  by 
evaporating  the  solution  in  a  current  of  hydrogen.  It  is  a  white, 
crystalline  mass  which  volatilizes  at  a  high  red  heat.  The  vapor 
density  of  ferrous  chloride,  at  white  heat,  air  ■=  1,  is  4.39.  This 
number  corresponds  to  a  molecular  weight  given  by  the  formula 
Fe  CI2.  At  a  lower  temperature  the  molecules  are  probably 
Fe2  CI4.  When  exposed  to  the  air,  ferrous  chloride  rapidly 
oxidizes  to  a  mixture  of  ferric  chloride  and  ferric  oxide: 

6  Fe  CI,  +  3  O  =r  4  Fe  CI,  +  Feg  Og. 

When  in  solution,  provided  hydrochloric  acid  is  present^  ferric 
chloride  alone  is  produced: 

2  Fe  CI,  +  2  H  CI  +  O  =  2  Fe  CI3  +  H2  O. 

On  the  other  hand,  if  an  excess  of  hydrochloric  acid  is  not  pres- 
ent, ferric  chloride  and  an  insoluble  basic  ferrous  chloride  are 
formed: 

4  Fe  CI2  +  H,  O  +  O  =  2  Fej^j^  +  2  Fe  CI,. 

Of  course,  the  usual  oxidizing  agents  (nitric  acid,  potassium 
chlorate  and  hydrochloric  acid,  chlorine,  bromine,  etc.) instantly 
change  ferrous  chloride  into  ferric  chloride.  Ferrous  chloride, 
like  the  chlorides  of  the  majority  of  other  divalent  elements, 
forms  double  salts  with  the  chlorides  of  the  alkalis,  as  well  as 
with  the  chlorides  of  a  number  of  other  metals. 

Ferrous  sulphate  (green  vitriol,  copperas),  Fe  S  O4  -r  7  H,  O,  is  isomorph- 
ous  with  the  vitriols  (see  page  394).  It  is  produced,  commer- 
cially, by  the  spontaneous  oxidation  of  iron  pyrites,  or  by 
dissolving  iron  in  dilute  sulphuric  acid  (see  page  30).  The  salt 
loses  six  molecules  of  water  at  100°  and  is  completely  dehy- 
drated at  300" ;  it  then  forms  a  white  powder.    Like  the  other 
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vitriols,  ferrous  sulphate  forms  double  salts  with  the  sulphates 
of  the  alkali  metals;  the  latter  contain  six  molecules  of  water 
of  crystallization  and.  have  the  general  formula,  Fe  S  O^, 
M2  S  O4  +  6  H2  O;  they  are  not  as  easily  oxidized  as  the  pure 
sulphate  of  iron.  When  exposed  to  moist  air,  ferrous  sulphate  is 
oxidized  to  a  mixture  ot  ferric  sulphate  and  ferric  hydroxide:  * 

6  Fe  S  O4  +  3  H,  O  +  3  O  =  2  Fe2  (S  OJs  +  2  Fe  (O  H)s, 

while,  in  the  presence  of  sulphuric  acid,  ferric  sulphate  alone  is 
produced: 

2  Fe  8  O,  +  Ho  S  O^  +  O  =  Fe2  (S  04)3  +  H2  O. 

The  usual  laboratory  oxidizing  agents  have  the  same  etfect. 
Ferrous  sulphate  absorbs  nitric  oxide  (NO),  forming  an  unstable 
chemical  compound  with  the  latter.  The  solution  is  dark  brown 
in  color  and  parts  with  the  dissolved  gas  when  heated.f 
Ferrous  sulphide,  Fe  S,  sometimes  occurs  as  a  mineral.  It  is  formed  by 
heating  together  iron  and  sulphur  or  by  precipitation,  as  a  black 
powder,  when  the  solution  of  an  alkaline  sulphide  is  added  to  a 
solution  of  a  ferrous  salt: 

Fe  S  O4  +  (N  n^Y  S  =  Fe  S  +  (N  HJ2  S  O^. 

Ferrous  sulphide  belongs  to  the  class  of  sulphides  which  are 
dissolved  by  dilute  acids;  it  is,  therefore,  not  precipitated  by 
hydrogen  sulphide  in  acid  solution  (see  page  95).  When  an 
alkaline  sulphide  is  added  to  a  solution  containing  a  ferric  salt, 
not  ferric  sulphide  but  ferrous  sulphide y  mixed  with  sulphur,  is  pre- 
cipitated, this  phenomenon  being  due  to  the  instability  of  ferric 
sulphide  in  aqueous  solution;  the  change  can  be  represented  by 
following  equations: 

1.  Fe2  S3  =  2  Fe  S  +  S. 

2.  Fcg  (S  OJ3  +  3  Naj  S  =  2  Fe  S  +  S  +  3  Nao  S  O,. 

Ferrous  carbonaiey  Fe  C  O3,  occurs  as  the  mineral  siderite,  isomorphous 
with  calcite.  It  can  be  formed  in  the  laboratory  by  adding  a 
soluble  carbonate  to  a  solution  containing  a  ferrous  salt: 

Fe  S  O4  +  Xa2  €03  =  Nag  S  O,  +  Fe  C  O3. 
Soluble.  Soluble.        Insoluble. 

When  moist,  ferrous  carbonate  is  readily  oxidized  by  the  air, 
ferric  hydroxide  remaining,  for  ferric  hydroxide  (like  the  hydrox- 

*  Possibly  a  basic  sulphate. 

t  The  formation  of  this  solution  is  a  delicate  test  for  nitric  acid.  Nitric  acid  oxidizes 
ferrous  sulphate  as  fol  ows: 

6  Fe  S  O4  -^  2  H  N  Og  -^  3  Hg  S  O4  =  3  Fcg  (S  04)3  +  4  H2  O  -f  2  N  O; 

the  nitric  oxide,  which  Is  liberated,  colors  the  excess  of  ferrous  sulphate.  Of  course,  this 
test  can  also  be  used  tor  detecting  the  presence  of  a  nitrate,  for  the  latter,  with  sulphuric 
acid,  forms  a  sulphate  and  free  nitric  acid. 
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ide  of  aluminium  and  chromic  hydroxide)  is  too  weakly  basic  to 
form  a  carbonate  (see  page  329).  Ferrous  carbonate  is  easily 
decomposed  into  ferrous  oxide  and  carbon  dioxide  by  heat. 

Ferric  oxide,  Fcg  Og,  is  found  in  nature  as  hematite,  in  the  lab- 
oratory it  can  be  produced  by  heating  the  corresponding  hydroxide, 

Fe  (0H)3: 

2  Fe  (0H)3  =  Fe^  O3+  3  H^  O; 

the  oxide  so  prepared  has  a  fine  red  color;  it  is  known  as  row^re  and  is 
used  as  a  polish  for  metals  and  glass.  Ferric  hydroxide  is  precipi- 
tated by  adding  an  alkaline  hydroxide  or  ammonia  water  to  a  solu- 
tion containing  a  ferric  salt, 

Fe2  (SOO3  +  6  K  OH  =  2  Fe  (OH)^  +  3  K^  SO,; 

the  ferric  hydroxide  so  formed  probably  loses  water  spontaneously, 
so  that  the  precipitate  is  really  the  metahydroxide  Fe  O  (OH).  A 
number  of  the  ferric  hydroxides,  which  are  formed  by  the  separa- 
tion of  water  between  two  or  more  formula  weights  of  the  normal 
hydroxide,  occur  as  minerals  which  are  commercially  important;  such 
compounds- are  limonite,  (4  Fe  (0H)3  =  Fe,  Og  (0H)6)  +  3  Ha  O 
and  xanthosiderite  (bog  iron  ore)  Fca  O  (OH,),*  the  latter  isonior- 
phous  with  beauxite  (see  page  321).  Ferric  hydroxide  can  also  be 
obtained,  in  a  soluble  form,  by  dialyzing  an  extremely  dilute  solution 
of  ferric  chloride  mixed  with  ammonium  carbonate  (see  pages  294, 
295),  the  solution  has  properties  similar  to  those  of  dialyzed  silicic 
acid.  Ferric  hydroxide  is  distinguished  from  the  hydroxide  of 
aluminium  and  from  chromic  hydroxide  by  the  fact  that  it  is  in- 
soluble in  an  excess  of  caustic  alkali,  nevertheless,  it  does  possess 
acidic  properties,  as  is  proved  by  the  existence  of  minerals  like 
franklinite,  for  the  latter  is  a  zinc  ferrite,  Zn  (Fe  ©2)2  derived  from 
meta  ferric  hydroxide  Fe  O  (OH)t;  franklinite  is  isomorphous  with 
spinell  (see  page  321)  the  latter  being  a  salt  of  meta  aluminum  hy- 
droxide, Al  O  (OH),  acting  as  an  acid.  Besides  being  acquainted 
with  zinc  ferrite,  we  know  that  magnetite  is  in  all  probability  a 
ferrous  salt  of  ferric  hydroxide,  for  it  has  the  formula  Fe  (Fe  Os)^ 
and  is  isomorphous  with  spinell,  and  lastly,  calcium  and  barium 
ferrites  can  be  produced  in  the  laboratory  by  heating  ferric  oxide 

♦  2  Fe  (OH)s  =  Fcb  O  (OH4  )  +  Hj  O. 

.t  In  franklinite  a  part  of  the  zinc  is  replaced  by  ferrous  irou  and  by  uianganous 
manganese. 
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with  calciu^i  or  barium  oxide  to  a  high  red  heat;  the  latter  salts 
have  the  composition: 

rrw>Ca        And  >^>Ba. 

On  the  other  hand,  ferric  oxide  and  ferric  hydroxide  are  bases,  for 
they  dissolve  in  acids  to  form  ferric  salts.* 

Ferric  chloride;  Fe  CI,,  can  be  produced  by  dissolving  ferric  hydroxide 
.   in  hydrochloric  acid  or  by  passing  chlorine  into  a  solution  of 
ferrous  chloride:  ... 

Fe  CI3  4-  CI  =  Fe  Clg; 

Upon  evaporation  in  the  cold,  crystals  of  the  composition  Fe  Clg 
+  3  H2  O  are  deposited,  another  hydrate  of  the  formula  Fe  CI3  + 
6  H2  O  is  formed  if  the  solution  is  allowed  to  stand  at  ordinary 
temperatures;  a  solution  of  ferric  chloride  cannot  be  heated,  because, 
then,  it  breaks  down  into  hydrochloric  acid  and  an  insoluble  oxy- 
chloride;t  reducing  agents,  such  as  hydrogen  sulphide,  zinc  and 
hydrochloric  acid,  sulphurous  acid,  etc.,  change  ferric  chloride  into 
ferrous  chloride.  Anhydrous  ferric  chloride  is  prepared  by  passing 
chlorine  over  powdered  iron,  the  chloride  evaporates  at  the  temper- 
ature of  boiling  sulphur  (448°)  and  its  vapor  density,  even  at  that 
temperature,  is  too  low  for  a  substance  consisting  of  molecules 
having  the  formula  Fcg  Clg,  the  specific  gravity  of  the  gaseous 
chloride  rapidly  decreases  as  the  temperature  is  raised,  so  that  no 
doubt  can  exist  as  to  the  tri valence  of  iron  in  ferric  chloride,  the 
molecule  of  which,  in  a  gaseous  state,  is  expressed  by  the  formula 
Fe  CI3,  (see  page  323). J  Ferric  chloride  combines  with  other 
chlorides  to  form  double  salts  similar  to  those  produced  by  alumin- 
ium chloride  (see  page  325). 

Ferric  sulphate  Fcg  (80^)3  is  formed  by  oxidizing /erroi^s  sulphate 
(see  page  445)  or  by  dissolving  ferric  hydroxide  in  sulphuric  acid,  it 
forms  alums  with  the  sulphates  of  the  alkali  metals  (see  page  327). 


*  Ferric  oxide,  like  the  oxides  of  aluminum  and  chromium,  is  not  dissolved  by  acids 
after  it  has  been  heated  to  a  red  heat. 

+  If  the  solution  is  quite  dilute,  complete  decomposition  and  formation  of  aolw 
hie  ferric  hydroxide  takes  place: 

Fe  Cls  +  3  H2  O  =  Fe  (0H)8  +  3  H  01. 
*W.  Griinewald  and  V.  Meyer,  Berichte  der  Deuiscb.  Cheni.Gesell.  21,  687. 
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Ferric  sulphide,  Fej  Sg,  analogous  to  ferric  oxide,  Fcg  Og,  can  be 
produced  by  heating  ferrous  sulphide  and  sulphur  to  a  red  heat: 

2  Fe  S  +  S  =  Fca  S3; 

it  has  the  character  of  an  acidic  anhydride  and  forms  a  number  of 
salts  which  occur  as  natural  minerals,  an  example  of  these  com- 
pounds is  chalcopyrite  (copper  pyrites)  in  which  cuprous  sulphide  is 

the  base: 

CU2  S  +  FCa  S3  =  Cua  FCa  S^. 

These  sulphoferrites  are  analogous  to  the  ferrites,  (examples  of 
the  latter  occur  in  the  spinell  group);  when  heated,  ferric  sul- 
phide is  converted  into  the  compound  Fcg  S^,  this  change  is  similar 
to  that  undergone  by  ferric  oxide. 

Ferrous-ferric  oxide j  Fcg  O^  occurs  as  magnetite,  a  mineral  which 
has  the  power  of  being  attracted  by  the  magnet.  The  oxide  is  pro- 
duced when  iron  is  burned  in  an  excess  of  oxygen,  or  when  steam  is 
passed  over  red  hot  iron  (see  page  30),  the  black  coating  which 
forms  on  iron  which  is  heated  to  a  high  red  heat,  consists  of  a.  mix- 
ture of  Fcg  O4  and  Fcg  Oj.  Ferrous-ferric  oxide  is  considered  to  be 
constituted  similarly  to  the  spinells,  its  structure  would,  therefore, 
be  represented  as  follows : 

The  sulphide,  Fe^  S^,  which,  in  formula,  corresponds  to  magnetite, 
is  produced,  when  a  current  of  the  hydrogen  sulphide  is  passed  over 
red  hot  iron  (see  page  30): 

3  Fe  +  4H2  S  =Fe3  S^  +  8  H. 

Like  the  oxide,  it  has  magnetic  properties. 

Ferric  acid  is  not  known  in  the  free  state,  the  ferrates,  which  in 
formula  are  analogous  to  the  sulphates,  chroraates  and  manganates, 
however,  exist  in  limited  numbers,  the  best  known  of  these  is  potas- 
sium ferrate,  Kg  Fe  O4;  the  latter  is  produced,  just  as  is  potassium 
manganate,  by  fusing  the  metal  with  potassium  nitrate;  the  same 
salt  is  also  formed  by  passing  chlorine  into  a  solution  of  potassium 
hydroxide  which  contains  ferric  hydroxide  in  suspension.*     Potas- 

*  The  oxidizing  agent *is  the  potassium  hypochorite  which  is  produced  (seepage 
116),  the  solution  of  ferrate  of  potassium  has  a  violet  color.   Ordioary  potassium  hydr- 
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«ium  ferrate,  as  well  as  the  other  ferrates,  is  unstable,  when  allowed 
to  stand  it  breaks  down,  giving  off  oxygen  and  leaving  ferric 
hydroxide. 

The  disulphide  of  iron,  Fe  Sg,  has  no  analogon  among  the  oxygen 
•coDapounds  of  the  metal,  it  is,  however,  extremely  important  because 
-it  occurs  so  widely  distributed  as  iron  pyrites.  The  disulphide  is  di- 
morphous, as  pyrites  it  crystallizes  in  the  regular  system  and  as  mar- 
kasite  it  is  rhombic,  it  has  a  metallic  lustre  and,  on  superficial 
examination,  has  somewhat  the  appearance  of  gold. 

The  cyanides  of  iron,  the  ferro  and  ferricyanides,  as  well  as  the 
f  corresponding  acids,  w^ere  discussed  on  page  285. 

Compounds  of  Cobalt: — Cobalt  forms  two  series  of  compounds, 
cobaltous  compounds,  derived  from  cohaltous  oxide,  Co  O,  and  cobaltic 
compounds,  derived  from  cobaltic  oxide,  C02  O3,  the  cobaltous  salts 
are  the  ones  which  are  most  frecjuently  met  with,  cobaltic  oxide 
having  only  very  weakly  basic  properties. 

Cobaltous  oxide,  Co  O,  can  be  prepared  by  decomposing  the  cor- 
responding hydroxide,  Co  (0H)2  by  heat,  air  being  excluded;  the 
hydroxide  is  precipitated  by  adding  an  excess  of  caustic  alkali  to  the 
solution  of  a  cobaltous  salt: 

Co  (N  03)2  +  2  K  O  H  =  Co  (O  H)2  +  2  K  N  O3. 

Cobaltous  hydroxide  is  rose  colored,  the  oxide  is  olive  green;  both 
the  oxide  and  hydroxide  are  strong  bases,  dissolving  in  acids  to 
form  cobaltous  salts. 

Cobaltous  chloride,  Co  CI2  can  be  formed  by  dissolving  the  carbonate  or 
hydroxide  in  hydrochloric  acid;  when  the  solution  is  evaporated 
crystals  of  the  composition  Co  CI2  -f  6  Hj  O  separate,  the  latter 
possess  a  red  color;  when  heated  to  100°  the  salt  becomes  violet 
and  has  the  composition  Co  CI2  +  H2  O,  at  110°-120°  it  loses  all 
its  water  of  crystallization  and  is  converted  into  the  anhydrous 
chloride,  Co  Cl^,  which  is  blue;  the  same  rule  appertains  to  all 
cobalt  salts,  when  hydrated  they  are  red  or  rose  colored,  when 
anhydrous  they  are  blue.* 

oxide  not  Infrequently  contains  some  ferric  hydroxide  and  the  formation  of  potassium 
ferrate,  with  its  violet  color,  is  sure  to  puzzle  the  student  when  he  Is  preparing?  potassium 
bypochlorite, 

•  This  property  of  cobalt  salts  caused  the  use  of  those  substances  as  far  back 
as  1757  for  the  preparation  of  sympathetic  ink;  the  latter  consists  of  cobalt  chlor- 
ide in  solution,  it  Is,  therefore,  pale  red,  and  almost  invisible  on  the  paper 
When  the  latter  is  heated,  however,  the  salt  becomes  anhydrous  and  the  writing  ap- 
pears in  plain,  blue  characters. 
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Cohaltous  nitrate,  Co(X03)2  h-  6  H2  O,  ig  the  most  common  cobalt  salt,  it 
loses  water  at  100°  and,  at  a  higher  temperature,  decomposes, 
giving  off  NO2  and  leaving  cobaltic  oxide. 

A  cobalt  glass  J  formed  by  fusing  silicon  dioxide,  potassium  carbonate 
and  some  salt  of  cobalt,  has  an  intensely  blue  color,  when  finely 
ground  it  is  known  as  smalt,  the  glass  has  approximately  the 
same  composition  as  ordinary  potash-glass  (see  page  398)  with 
the  exception  that  the  calcium  is  replaced  by  cobalt.  Fused 
borax  will  dissolve  cobalt  oxide,  or  salts  of  cobalt,  leaving  an 
intensely  blue,  glass-like  substance  which  contains  cobaltous 
metaborate,  the  same  is  true  of  sodium  metaphpsphate,  the 
formation  of  these  two  compounds  is  a  ready  means  for  detect- 
ing the  presence  of  cobalt.  When  heated  with  aluminum  oxide, 
cobalt  compounds  form  a  blue  cobalt  aluminate  which  is. known 
as  Th^nard's  blue.    . 

Cobaltus  sulphide,  Co  S,  is  a  black  precipitate,  formed  by  adding  an  alka- 
line sulphide  to  a  solution  containing  a  cobalt  salt: 

Co  (NOg)^  +  (XHJ2  S  =  Co  S  +  2  NH^  NO,, 

it  differs  from  ferrous  sulphide  by  not  being  soluble  in  dilute 
acids. 

Cobaltic  oxide,  Cog  O3,  has  very  weakly  basic  properties,  its  salts, 

which  are  formed  by  dissolving  the  oxide  in  cold  acids,  are  easily 

decomposed,  and  are  tolerably  stable  only  in  solution;  a  number  of 

double  salts,  derived  from  a  cobaltic  salt  united  with  a  salt  of  some 

other  base,  are  known,  these  are  more  stable  than  the  pure  cobaltic 

salts. 

Cobaltic  nitrite  combines  with  potassium  nitrite  to  form  a  double  salt  of 
the  composition  Co  (SO,^.^,  3  KNO^,  the  latter  is  of  importance 
because  it  is  insoluble  in  water  and  in  cold,  dilute  acids;  its  pre- 
cipitation can,  therefore,  be  used  in  separating  cobalt  from 
nickel;  it  is  produced  by  adding  potassium  nitrite  to  a  slightly 
acid  solution  of  a  cobalt  salt,  the  nitrous  acid,  which  is  liberated 
from  the  potassium  nitrite,  then  oxidizes  the  cobaltous  compound 
to  a  cobaltic  one,  after  which  reaction,  the  double  nitrite  of 
cobalt  and  potassium  is  precipitated. 

A  solution  of  cobaltous  chloride,  when  in  the  presence  of  ammonia* 
and  exposed  to  the  air,  is  slowly  oxidized,  by  this  means  there  is  then 
formed  a  peculiar  series  of  compounds  composed  of  cobaltic  chloride, 

united  with  a  varying  number  of  molecules  of  ammonia,  these  com- 

1       ... 

*The  addition  of  an  excess  of  ammonia  to  cobaltous  salts  does  not  produce  a 
precipitate  of  liydroxide;  the  same,  it  will  be  remembered,  is  true  of  cupric  salts. 
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pounds  are  known  as  cobalt  amines ,  the  structural  composition  of  the 
latter,  despite  the  extended  amount  of  work  which  has  been  done 
upon  them,  is,  as  yet,  not  understood;  analysis  shows  us  that  one 
atom  of  cobalt  can  unite  with  3,  4,  5  and  6  molecules  of  ammonia  to 
form  different  radicles  which  can  play  the  part  of  individual  triva- 
lent  bases,  these  bases,  themselves,  exist  only  in  aqueous  solution, 
the  salts  derived  from  them  are,  however,  stable;  the  ammonia  in 
these  compounds  cannot,  therefore,  be  compared  to  water  of  crystal- 
ization,  as  it  was  in  the  case  of  the  ammonia  compounds  of  copper 
sulphate  (see  page  382).  Only  a  few  of  the  simpler  connections  can 
be  traced  here,  for  a  more  extended  review  of  this  complicated  sub- 
ject  the  pupil  must  refer  to  a  larger  text-book.* 

ri.  T^ichrocobaltic  chloride,  To  (N  113)8  Cla  +  Hg  O. 

m  air  are  proaucea       j  3.  -,  j'nrpureocobaltic  chloridp.  Co  (N  Ha)s  Clg  t 

(.4.  LuteocobaUic  chloride,  Co  (N  H3)6  Cla. 

,The  radicles  which  assume  metallic  functions  in  this  series  of  salts 
can  be  compared  with  metallic  cobalt,  for  from  each,  in  addition  to 
the  chlorides,,  a  number  of  other  salts,  such  as  the  nitrate  and  sul- 
phate, are  derived.  The  relationship  is  demonstrated  by  the 
following  table: 

Co  Cls,  cobaltic  chloride;         Co  i>J  08)8,  nitrate;  Co g  (S  04)3.  sulphate; 

Co  (N  Hs)8  Cl8.  dichro  salts:  Co  (N  H3)8  (N  Os^s,  nitrate;  [Co  (N  H3)3]2  (S  04)8,  " 
Co(NH8)4n8.  praseo  salts;  Co  (N  H8)4  (N  03)8,  nitrate;  [Co  (N  Hg)*],}  (804)3,  " 
Co(NH8)5  Clfl,.roseosalts;  Co  (N  H8)5,(N  03)3,  nitrate;  [Co  (N  H8)b]2  (S  04)8.  '* 
Co  (N  H8)«  Cls,  luteo  salts;    Co  (N  H8)6  (N  03)3,  niirate;  [Co  cN  H8)e]8  (S  04)3.      " 

The  cyanides  of  cobalt  correspond  to  those  of  iron  (see  page  285). 

The  compounds  of  nickel  are  almost  exclusively  derived  from, 
nickelous  oxide.  The  latter  can  readily  be  produced  by  heating  the 
hydroxide,  Ni  (O  H)2,  which  is  precipitated  as  a  grass  green  sub- 
stance on  adding  a  soluble  hydroxide  to  a  solution  containing  a  salt 
of  nickel. J  Nickel  salts,  when  hydrated,  are  green,  when  anhydrous, 
yellow. 

Nickelous  chloride^  Ni  CI2  -f  6  H2  O,  is  formed  by  dissolving  the  oxide  or 
hydroxide  in  hydrochloric  acid.  Nickelous  sulphate j  produced 
by  substituting  sulphuric  for  hydrochloric  acid,  is  isomorphous 

♦Ladenburg,  Handworterbiich  derChemie;  volume  5. 

tRoseocobaltic  chloride  is  formed  from  cobaltic  chloride  and  concentrated  ammonia 
in  the  cold,  purpureocobaltic  chloride  by  boiling  the  same  with  concentrated  hydrochloric 
acid.    The  difference  is  in  the  water  of  crystallization. 

t  Excess  of  ammonia  water  dissolves  the  hydroxide;  this  is  similar  to  the  action 
of  cobaltous  hydroxide  and  cupric  hydroxide. 
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with  the  vitriols  (see  page  394).  Nickelous  sulphide  is  precipitated 
as  a  black  powder  when  a  solution  of  an  alkaline  sulphide  is 
added  to  a  solution  containing  a  nickelous  salt: 

Ni  S  O4  +  (N  H,),  S  =  Ni  S  +  (N  H4),  S  O,. 
Nickelous  sulphide  is  insoluble  in  dilute  acids. 
The  cyanides  of  nickel  do  not  correspond  to  those  of  iron  and 
cobalt,  with  the  exception  of  nickelous  cyanide.  The  latter,  with  a 
formula  of  Ni  (C  N)2,  is  precipitated  when  potassium  cyanide  is 
added  to  a  solution  containing  a  salt  of  nickel,  on  addition  of  an 
excess  of  the  reagent  it  forms  a  double  cyanide  of  the  formula 
Ni  (C  N)2,  2  K  C  N,  which,  therefore,  does  not  correspond  to  the 
potassium  salts  of  ferrocyanic  and  of  cobaltocyanic  acids: 

Ni  (C  N)2,  2  K  C  N.         K,  Fe  (C  N)6.  K,  Co  (C  N)e 

Double  salt  of  nickel.        Potassium  ferrocyanide.       Potassium  cobaltocyanide. 

Potassium  ferrocyanide  and  cobaltocyanide  can  be  readily  oxidized 
to  the  cobaltic  and  ferric  compounds,  Kg  Fe  (C  N  )6  and  K3  Co  (C  N  )^, 
which  are  salts  of  cobalticyanic  acid  and  ferricyanic  acid,  but  the 
nickel  cyanide  is  not  capable  of  oxidation.  Nickel  can  be  precipi- 
tated from  its  double  cyanide  by  the  usual  reagents,  such  as 
ammonium  sulphide,  while  the  iron  or  cobalt  cannot  be  separated  by 
any  such  means,  when  they  have  entered  into  the  formation  of  the 
peculiar  acids  from  which  their  double  cyanides  are  derived.  In 
the  behavior  of  its  cyanides,  in  the  isomorphism  of  its  sulphate  with 
the  vitriols  and  in  a  number  of  other  respects,  nickel  resembles  the 
first  element  in  the  second  half  of  the  long  period,  namely,  copper. 
The  relationship  between  the  formulae  of  the  compounds  of  iron, 
cobalt,  nickel,  chromium,  manganese  and  sulphur  are  given  in  the 
following  table: 

Oxides  wliicli  are  basic  and  salts  derived  from  them, 


ous  oxides 

CrO 

MnO 

FeO 

€oO 

NiO 


oiw  salts. 


CrCU* 
Mn  CU 
FeClo 
Co  CI  2 
Ni  CI  8 


|CrS04* 
|MnS04 
iFe  SO  4 
Co  SO  4 
iNiS04 


Mn(X0a)2 
'•e(N08)8 
Co(N08)2 
x\i(N08)2 
chloridesisalphat'smiirates 


ic  oxides. 


Crg  Oat 
MngOs 
Fea  Oat 
C02  Os 
Nia  Oa 


ic  salts. 


CrClfi 
Mn  Olat 
Feci  a 
Co  CI  8 


chlorides 


Cr2(S04)8 

Mn8(,S04)8 
Fes  (S04)8 


sulphates 


Cr(N08)a 


FeiNOa); 


nitrates. 


Compounds  mariced  *  are  unstable,  very  readily  oxidixed;  those  marked  t  very 
readily  change  to  ous  compounds.  Nle  Oa  is  known  as  its  hydroxide  Ni  (OH)8.  lonned 
by  oxidlng  a  nicki'lous  salt  with  potassium  hypochlorite  or  hypobromite,  it  forms  do 
salts. 

The  oun  compounds  are  converted  into  ic  compounds  by  oxidation. the  ic  compounds 
into  oiw  compounds  by  reduction. 

X  Both  basic  and  acidic,  Crs  Oa  dissolves  In  caustic  alkalies  to  form  cbromltes. 
Fes  Oa  form  some  compounds  which  are  analogous  to  the  cbromltes  and  alumloates. 
these  salts  are  derived  from  a  hydroxide  MO  (OH). 
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Oxides  which  are  composed  of  the  two  given  above: 


ou8-io  oxides. 
Crs  O4,  Mns  O4,  Fes  O4,  Oos  O4. 


Of  the  elements  on  this  table  nianganese  alone  forms  a  dioxide,  Mn  O2,  however,  sul- 
phides or  arsenides  of  the  the  other  elements,  analogous  in  structure,  are  known. 


Oxides  which  are  acidic  only 


a.    Acids  and  salts  of  the  general  formula  He  X  O4 ;  type  Hg  SO 4, 


Anhydrides. 

Salts. 

CrOs 

M2  Cr04,  ohromates; 
Mg  Mn  O4.  nian^anates; 
Mg  Fe  O4,  ferrates. 

b.    Adds  and  salts  of  the  general  formula  H  X  O4 ;  type  H  CI  O4. 


Anhydride. 

Salts. 

Mng  O7 

M  Mn  O4.  permanganates 
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CHAPTER  LX. 


THE    REMAINIKG   ELEMENTS  OF  THE    EIGHTH   FAMILY. 

(THE  PLATINUM  GROUP). 

Ruthenium,  symbol  Ru,  atomic  wt,,  101.6; 
Rhodium,  symbol  Rh,  atomic  wt.,  103.5; 
Palladium,  symbol  Pd,  atomic  wt.,  X06.6; 
Osmium,  symbol  Os,  atomic  wt,,  191.7; 
Iridiuin,  symbol  Ir.,  atomic  wt..y  193.1; 
Platinum,  symbol  Pt,  atomic  wt.,  195.  -  - 

The  six  elements  named  above  are  all  extremely  rare  and,  with 
the  exception  of  platinum,  of  little  practical  importance;  they  fall 
into  two  groups  represented  by  the -horizontal  lines  in  the  following 
table,  and  also  into  three  groups,  represented  by  the  vertical  columns, 
as  follows: 


Ru, 

Rh, 

Pd. 

atomic  weight, 

101.6 

103.5 

106.6 

Os. 

Ir. 

Pt. 

atomic  weight. 

191.7 

198.1 

195. 

Passing  from  left  to  right  in  each  of  the  two  horizontal  lines  we  find 
a  similar  gradation  in  properties  as  is  observed  in  the  group  com- 
posed of  iron,  cobalt  and  nickel,  thus,  ruthenium  and  osmium  are 
able  to  form  higher  oxides  than  the  remaining  four,  just  as  iron  was 
able  to  form  a  higher  oxide  than  either  cobalt  or  nickel,  and  the 
same  distinction  in  the  formulae  of  the  double  cvanides  which  was 
observed  as  existing  between  those  of  iron  and  cobalt  on  the  one 
hand  and  nickel  on  the  other,  is  observed  between  ruthenium, 
rhodium,  osmium,  iridium  and  palladium  and  jilatinum;  this  dis- 
tinction is  made  clear  by  the  following  table: 


K,Fe(CN)e 
K^Co(CN)6 
K,  Ru  (CN)6 
K,  Os  (CN)6 

Ru,  Os. 


K,FelCN)s 
K,  Co(CN)e 
K,  Rh(CN)6 
K,Ir(CX)e 

Rh,  Ir. 


Ni  (ON),,  2  KCN. 
Pd  (CN),,  2KCN. 
Pt  (CN)2,  -i  KCN. 

Pd,~Pt. 
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The  difference  existing  between  the  oxides  can  also,  perhaps,  be 
best  given  in  the  form  of  a  table;  the  highest  oxides  belong  to  ru- 
thenium and  osmium;  indeed,  these  are  the  only  two  elements  which 
are  able  to  form  oxides  of  the  formula  MO^,  in  which  the  valence  of 
the  element  is  presumably  eight,  provided  we  regard  oxygen  as  hav- 
ing a  valence  of  two.  The  highest  valence  toward  oxygen  displayed 
by  any  element ^  therefore,  appears  in  the  eighth  family;  iif  the  follow- 
ing table  the  formulae  of  the  oxides  of  the  six  elements  under  dis- 
cussion are  compared  with  those  of  manganese,  the  element  belong- 
ing to  the  preceding  (seventh)  family;  as  will  be  noticed,  there  is  a 
great  resemblance,  although  the  highest  valence  of  manganese  toward 
oxygen  is  only  seven : 


Mn. 


Mug  O7 
(Mn  Os)+ 
]\In  Oa 
Mu  8  Os 
MnO. 


Ru  and  Os. 


Rh  arid  Ir. 


RUO4;  OSO4 

(Xlui  O7)*;.— 


(Ru08)+;  (OsOaH 
Ru  O2 :  Os  2 
Rug  Os;  OS2  Os 
RuO;  OsO. 


: (IrOsW 

RhOs;  IrOg 
RhgOa;  Irg  Og 
RhO;  IrO 


Pd  and  Pt. 


Pd  O2  Pt  O2 


PdO.  .PtO. 


In  the  periodic  system,  the  element  following  palladium  is  silver,  the 
one  following  platinum  is  gold,  and,  as  a  consequence,  we  find 
considerable  resemblance  between  palladium  and  silver,  (for 
instance  in  the  formation  of  the  oxide  Pd^  O)  and  platinum  and 
gold. 

The  metals  of  the  platinum  group  all  posess  a  greyish-white  color 
and  brilliant  metallic  lustre,  they  fu^e  at  a  high  white  heat;  the 
melting  points  decreasing  in  the  two  groups  frona  .ruthenium  to  pal- 
ladium, and  from  osmium  to  platinum;  their  specific  gravities  and 
atomic  volumes  are  as  follows: 


spec.  grav. 
atom,  voir 


spec.  grav. 
atom.  nol. 


Ku. 
12.61 
8.06. 

Os. 
22.4 

8.55 


Rh. 
12.1 

8.5 

Ir. 
22.42 

8.6 


Pd. 

11.4 

9.3 

Pt. 

21.46 
9.08. 


•  The  anhydride  Is  not  known,  the  salts,  the  per-ruthenites  M  Ru  O4,  corresponding 
to  the  permanganates,  are 

t  The  anhydrides  are  not  known,  but  ihe  salts,  manganates,  ruthenites  and  osmites 
jcre  known,  theirgeneral  formula"  Is  M2  X  O 4. corresponding  to  the  sulphates.  An  ox- 
ide Pda  O  is  also  known. 

t  One  salt,  Kb  Ir  O4,  derived  from  such  an  anhydride,  has  been  described. 
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The  elements  of  the  platinum  family  are,  therefore,  at  the  minimum 
of  the  curves  of  atomic  volumes  belonging  to  their  respective  periods, 
the  next  following  elements,  with  larger  atomic  weights,  have  larger 
atomic  volumes;  the  platinum  metals,  therefore,  like  iron,  cobalt 
and  nickel,  are  malleable  and  ductile  and  form  colored  salts.  All  of 
the  elements  which  have  small  atomic  volumes  and  high  specific 
gravities,  display  several  oxides  and  series  of  compounds,  in  none 
of  these,  however,  is  the  chemical  character  of  any  such  element 
with  small  atomic  volume  so  pronounced  as  to  overshadow  the 
character  of  the  other  elements  in  combination;  as  has  been  previ- 
ously remarked,  therefore,  the  crowding  of  a  large  amount  of  matter 
into  a  small  space  seems  to  be  unfavorable  for  manifestation  of  very 
decided  metallic  or  not  metallic  properties.  All  of  the  elements  be- 
longing to  the  eighth  family  possess  the  power  of  condensing  and 
transmitting  hydrogen  (see  page  32). 

The  members  of  the  platinum  family  all  occur  as  the  uncombined 
metals,  they  are  never,  however,  pure,  in  their  natural  condition; 
platinum  may  be  found  with  only  a  slight  admixture  of  iron  but,  as 
a  general  rule,  alloys  of  the  various  metals  forming  the  platinum 
group,  which  may  also  contain  silver  and  gold,  occur. 

The  metals  of  this  group  are  very  difficultly  soluble  in  acids; 
ruthenium  and  iridium  are  not  dissolved  by  any  acid;  platinum  is 
only  attacked  by  aqua  regia;  osmium  is  dissolved  by  nitric  acid  as 
well,  while  palladium  is  soluble  both  in  nitric  and  hydrochloric  acid; 
all  of  the  elements  are  very  easily  reduced  and  isolated  from  their 
oxides  or  halides,  they  all  manifest  a  great  tendency  to  unite  with 
chlorine.  In  their  chlorine  compounds,  ruthenium,  rhodium  and 
palladium  resemble  iron,  cobalt  and  nickel,  for  they  form  chlorides 
with  the  formulse  M  Clg  and  M  Clg;  on  the  other  hand,  osmium,  ir- 
idium and  platinum  have  their  most  stable  chlorides  derived  from 
a  tetravalent  metal,  with  the  general  formula  M  CI4,  the  latter  com- 
pounds have  a  great  tendency  to  produce  double  salts  with  the 
chlorides  of  the  alkali  metals,  these  chlorides  have  the  composition 
M2  K  Clg,*  and  can  be  regarded  as  derived  from  an  acid  Ha  R  Cl«, 
in  which  R  CI4  acts  an  acidic  anhydride,  the  structure  of  these  acids 
would,  therefore,  be  analogous  to  that  of  fluosilicic  acid  (see  page  291). 


m^^^^-^m- 


*  M  represents  a  univalent  alkali  metal,  R  either  osmium,  Iridium  or  platinum* 
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The  higher  oxides  of  this  group  (mentioned  in  the  table,  page 
463)  are  acidic  in  their  character,  the  lower  ones  are,  at  best,  weakly 
basic.  The  two  tetroxides,  Ru  O^  and  Os  O^*  are  quite  volatile,  and 
are  produced  by  powerful  oxidation  of  the  respective  metals,  they 
have  a  most  peculiar,  penetrating  odor  which  has  been  compared  to* 
that  of  ozone;  f  the  vapor  densities  corresponds  to  molecules  of  the 
formula  R  O^. 

Derived  from  a  next  lower,  hypothetical,  oxide,  in  which  ruthen- 
ium would  be  heptavalent,  we  have  one  salt,  K  Ru  O^;  osmium  does 
not  furnish  a  parallel  compound;  next  to  this  we  have  salts  of  two 
hypothetical  acids,  H2  Ru  O^  and  H2  Os  O^,'  which  correspond  to 
manganic,  chromic  and  sulphuric  acids;  the  anhydrides,  were  they 
known,  would  have  the  formulae  Ru  Og  and  Os  O3;  the  salts  are 
termed  ruthenites  and  osmites;  only  the  potassium  salt  of  ruthenious 
acid  is  known,  but  the  potassium,  sodium  and  barium  salts  of  osmous 
acid  have  been  isolated. 

The  dioxide,  MOj  is  the  highest  oxide  which  is  common  to  all 
of  the  platinum  metals;  it  is  also  the  most  important  of  the  oxides 
of  this  group,  because  the  principal  salts  are  derived  from  it,  the 
chief  chlorides  ot  this  family  having  the  formula  M  Cl^;  the  dioxide 
is  basic  in  its  character,  although  that  of  platinum  is  also  slightly 
acidic,  for  it  dissolves  in  concentrated  alkalis  to  form  platinates. 
The  only  chloride  which  need  be  mentioned  in  detail  is  that  of  plat- 
inum, its  characteristics  can  serve  as  a  type  for  of  all  the  rest. 

Platinie  chloride,  Pt  Cl^  -J"  5  H2  O,  is  prepared  by  adding 
silver  nitrate  solution  to  the  substance  which  is  ordinarilv  termed 
platinie  chloride,  but  which  is,  in  reality,  an  acid  of  the  formula  H2 
Pt  Cl^;  the  first  reaction  is  as  follows: 

H,  Pt  CI,  4  2  Ag  NO,  =  Xg,  Pt  Cle  +  2  HNO^; 

the  siver  salt  of  chlorplatinic  acid,  which  is  precipitated,  is  deconr- 
posed  by  boiling  water  as  follows: 

Ag,  Pt  CI.  =  2  Ag  CI  +  Pt  pr.; 

the  insoluble  silver  chloride  is  filtered  and  the  .solution  evaporated  to 
crvstallization. 

Chlorplatinic  acid,  H,  Pt  CI4  +  6  Hj  O,  U  obtained  by  dissolv- 

*  Sometimes  called osmic  acid. 

*  The  odor  is  almost  exactly  like  that  of  chinoD. 

30 


466  A  TEXT-BOOK  OF 

ing  platinum  in  aqua  regia  and  cautiously  evaporating,  it  then 
forms  ochre-colored,  deliquescent  prisms.  The  chlorplatinates  are 
of  importance  in  chemical  analysis,  because  ammonium  and  potas- 
sium chlorplatinates  are  nearly  insoluble  in  water,  and  entirely  in- 
soluble in  alcohol.  Potassium  chlorplatinate  is  precipitated  as  a 
yellow,  crystalline  substance,  when  potassium  chloride,  or  any  other 
potassium  salt,  is  added  to  a  solution  of  platinum  chloride,  its  formula 
is  Kj  Pt  Cle,  similar  results  are  obtained  with  ammonium  salts;  am- 
monium chlorplatinate,  when  heated,  decomposes  entirely,  leaving 
platinum  in  a  very  finely  divided,  spongy  condition  in  which  it  is 
known  as  * '  spongy  platinum ' ' ;  spongy  platinum  possesses  the  power 
of  occluding  gases  in  a  marked  degree  and  its  use  has  been  men- 
tioned in  several  of  the  preceding  chapters  (see,  for  instance,  the 
preparation  of  sulphur  trioxide,  page  140).*  the  use  of  spongy 
platinum  depends  on  the  fact  that  occluded  gases  are  chemically 
much  more  active  than  they  are  in  the  ordinary  condition  (see  page 
32).  Platinic  bromide  or  iodide  form  acids  similar  to  chlorplatinic 
acid;  the  structure  of  these  acids  is  similar  to  that  of  fluosilicic  acid, 
Hg  Si  Fg,  which  is  also  derived  from  a  tetrahalide,  Si  F^,  so  that  in 
these  compounds,  also,  it  is  best  to  accept  a  theory  of  the  divalence 

-of  the  halogene  atoms  (see  pages  292  and  325). 

Platinic  chloride  is  able  to  unite  with  ammonia  to  form  platinic- 

ramines  in  which  the  chemical  behavior  of  ammonia  is  identical 
with  that  of  the  same  substance  in  the  cobaltamine  salts.  Plitinic 
chloride  forms  a  number  of  these  compounds,  only  two  of  which  it 

.is  necessary  to  mention  here. 

Platinic  chloHde  can  unite  with  two  molecules  of  ammonia 
to  form  chlor-platinamine  chloride,  which  has  the  formula  Clj  Pt 
(NH3)2  daJ  the  radicle  Pt  (NH3)2  being  tetravalent  and  uniting  with 
four  atoms  of  chlorine,  just  as  one  atom  of  platinum  does  in  pla- 
tinic chloride: 

Pt  Cl„  and  Pt  (N  Ha)^  Cl„ 

Platinum  chloride,  and  chlorplatinamine  chloride. 

*  *TlatlDized  asbestos"  is  formed  by  dipping  asbestos  in  platinum  chloride  solutloa 
and  then  in  one  of  ammonium  ciiloride;  ammonium  chlorplatinate  is  thus  precipitated 
on  the  fibres  and  can  be  changed  to  spongy  platinum  by  heating.  Palladium  asbestos 
can  be  prepared  in  the  same  way.  **  Platinum  black"  is  very  finely  divided  platinam, 
formed  by  reducing  a  solution  of  platinum  chloride,  to  which  potassium  hydroxide  haa 
been  added,  by  means  of  alcohol. 
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However,  in  the  latter  compound,  two  atoms  of  chlorine  can  be 
replaced  by  other  acid  groups  ( — ^NOg  or  =  8O4)  very  readily, 
while  the  other  two  are  much  less  reactive,  this  compound  can 
therefore  also  be  considered  as  the  chloride  of  a  divalent  radicle 
CI2  Pt  (NHg)2  =;  because  of  the  difficulty  with  which  they  are 
replaced  it  is  supposed  that  the  two  latter  chlorine  atoms  are 
attached  to  platinum,  while  the  other  two  are  united  to  nitrogen  in 
the  some  way  as  one  atumol:  cliloriue  is  in  ammouium  chloride.  The 
structure  of  the  ammonium  compound  is  therefore  better  represented 
by  the  following  formula: 

and  the  nitrate  and  sulphate  by  the  following: 

Cl,Pt{^;^g3.  andCl,Pt{gH3>sO.; 

this  theory  is  borne  out  by  the  fact  that  platinous  chloride,  Pt  CI2, 

can  form  a  similar  compound  with  ammonia,  with  the  exception  that 

two  chlorine  atoms  attached  to  platinum  are  missing;  this  compound 

therefore  has  the  structure : 

p,  ( NH3  CI 
^^  1 NH3  CI. 

The  second  series  of  platinic  amines  has  four  atoms  of  ammonia  for 
for  every  one  of  platinum;  the  chloride  in  this  series  is  therefore 
chlorplatindiamine  chloride  and  has  the  lormula; 

In  this  compound  there  exists  the  divalent  radicle  Clg  Pt  (NHj)^  =, 
and  the  similar  combination  derived  from  platinous  chloride,  having 
two  less  chlorine  atoms,  has  the  formula: 


p   f  (NH3),  Cl 
^'  1  (NH,),  Cl. 


The  monoxide,  MO,  as  well  as  the  dioxide,  is  common  to  all 
the  members  of  the  platinum  group,  it  is  basic  in  its  character,  and 
from  it  are  derived  the  ous  salts. 

Platinous  chloride  has  the  formula  Pt  CJg,  it  is  formed  by  reduc- 
tion of  a  solution  of  platinic  chloride  by  means  of  sulphur  dioxide  ; 
like  platinum  chloride,  it  readily  forms  double  salts  and  unites  with 
ammonia. 
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The  commercial  uses  of  the  metals  of  the  platinum  group  are 
confined  chiefly  to  the  preparation  of  standard  weights  and  meas- 
ures, and  to  the  manufacture  of  chemical  apparatus.  Most  of  the 
platinum  which  occurs  in  crucibles  and  other  utensils  is  not  pure,  it 
contains  as  much  as  2  per  cent,  of  iridium  and,  by  very  reason  of 
this  admixture,  is  more  valuable,  because  less  readily  attacked  by 
acids.  Platinum  vessels  are  extremely  useful  because  of  their  high 
melting  point,  because  they  are  not  attacked  oxygen  and  are  not  dis- 
solved by  the  ordinary  laboratory  reagents.  In  using  platinum  ware 
care  must  be  taken  not  fuse  caustic  alkalis  therein,  nor  to  heat  with 
any  metal  or  easily  reducible  compound  containing  a  metal,  because 
platinum  readily  forms  alloys.  Furthermore,  platinum  unites  with 
silicon  or  phosphorus,  the  compounds  so  formed  being  quite  brittle; 
charcoal  or  coal  which  contains  silicon  compound*  in  the  ash,  should 
never  be  ignited  in  a  crucible  of  platinum,  and  the  heating  of  com- 
pounds which  contain  phosphates  in  the  presence  of  a  reducing  agent 
(such  as  charcoal)  should  also  be  avoided.  Luminous  gas  flames 
render  platinum  rough  and  brittle,  the  same  is  true  of  the  reducing 
flame  of  a  Bunsen  burner;  unless  care  is  taken  to  remove  this  rough- 
ness each  time  after  using*  it  will  ultimately  penetrate  the  crucible, 
and,  after  rendering  the  utensil  brittle,  will  crack  it. 

•  By  rubbing  with  a  little  fine  sand  until  smooth. 


APPENDIX  OF  LABORATORY  NOTES. 


Before  entering  upon  laboratory  work  the  pupil  should  read  and 
remember  the  following  cautions. 

BurnSf  stains  and  fire: — Yellow  phosphorus  should  never  be  handled 
excepting  with  a  pair  of  tongs  or  pinchers,  when  exposed  to  the  air  in  a 
warm  room  it  may  take  fire  spontaneously,  if  touched  by  the  hand  it 
will  take  fire;  the  burns  so  produced  are  extremely  painful  and  may 
become  dangerous  by  reason  of  phosphorus  poisonmg.  Sodium  and 
potassium  are  kept  under  naptha,  they  should  never  be  placed  in  water 
when  the  pieces  are  larger  than  beans  and,  in  any  event,  a  very  small 
piece.should  first  be  tested;  sodium  which  has  not  a  clear  and  bright 
surface.when  cut,  should  be  rejected,  in  all  cases  the  outer  coating  of 
oxide  should  be  cut  away  before  placing  the  metal  in  water.  Burns  are 
best  treated  by  covering  the  spot  with  a  solution  of  cocaine  in  sweet  oil 
and  then  with  an  emulsion  of  lime  water,  glycerine  and  sweet  oil.  Nitric 
a^id  stains  the  skin  yellow,  where  concentrated  it  will  cause  an  ulcer  to 
form;  bromine  stains  the  skin  brown,  unless  instantly  removed  it  will 
cause  a  painful  ulcer;  iodine  stains  the  skin  dark  violet;  -nitrate  of  silver 
black.  Of  course,  every  precaution  should  be  taken  to  keep  the  above 
substances  from  touching  the  hands  or  face  but,  in  case  of  accident, 
dilute  sodium  carbonate  solution,  followed  by  washing  with  clean  water 
will  be  best  to  apply  in  the  case  of  nitric  acid  and  bromine;  a  solution 
of  sodium  hyposulphite  followed  by  water  will  remove  iodine;  cyanide 
of  potassium  solution  will  remove  silver  stains  *  Concentrated  sulphuric 
acid  and  solutions  of  chromic  acid  will  attack  the  skin,  not  so  rapidly, 
however,  as  nitric  acid;  in  case  of  an  accident  they  can  often  be  removed 
by  washing  with  water  or  sodium  carbonate  solution  before  serious 
results  have  followed;  hot  sulphuric  acid  will  instantly  produce  the  most 
painful  burns;  any  test  tube  in  which  sulphuric  acid  or  anything  else  is 
being  heated,  should  be  held  by  a  test  tube  holder  and  with  its  mouth 
pointing  away  from  the  manipulator  or  from  any  one  standing  near.  Ether  or 
carbon  bisulphide  inust  not  be  used  on  a  desk  within  at  least  six  feet  of  a 
burning  Bunsen  burner,  these  liquids  take  fire  with  the  greatest  readi- 
ness. Matches  should  be  kept  in  a  tin  box  which  is  never  to  be  placed 
in  the  drawer  of  the  desk,  but  should  always  be  kept  outside. 

Inhalaiion  of  fumes  and  gases: — Chemical  experiments  which  will 
develope  poisonous  or  irritating  gases  should  always  be  performed  under 
a  hood  with  a  good  draught.f  Chlor'mey  bromine,  phosphorus  pentachloride, 
phosphorus  trichloride  attack  the  mucwis  membrane  of  the  eyes,  throat 
and  nose,  continued  inhalation  will  give  rise  to  bronchial  inflammation, 

•The  teachers  should  not  keep  cyanide  of  potassium  in  a  place  where  it  is  acces- 
sible to  any  one  but  themselves,  ft  should  be  handled  under  a  hood,  and  should  be 
applied  in  removing  silver  stains,  to  the  hands  only  and  then  be  Instantly  washed  off 
after  its  work  Is  accomplished. 

tSo  urgent  is  this  rule  that  pupils  should  be  forbidden  even  to  heat  test  tubes 
or  small  evaporating  dishes  with  reazents  which  will  give  oflF  fumes  of  hydrochlo- 
ric acid,  nitric  acid,  hydrogen  sulphide,  bromine,  chlorine,  nitric  oxide,  etc.,  unless 
they  do  so  under  the  hood.    A  good  hood  Is  as  necessary  as  a  good  burner. 
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chlorine  or  bromine  will  also  cause  nausea  to  ensue;  if,  by  accident,  the 
pupil  should  take  an  excessive  quantity  of  chlorine  into  the  lungs  th.e 
quickest  remedy  is  probably  the  inhalation  of  the  fumes  of  alcoliol. 
The  gaseous  oxides  ofniirogen  are  poisonous,  they  cause  violent  headache 
and  nausea;  phosphine,  arsine,  stibine  are  very  poisonous,  ammonia  is 
quite  irritating;  work  in  which  these  substances  are  generated  or  used 
must  be  done  under  the  hood.*  Sulphuric  acid  shoilla  not  be  heated  to 
above  150°  unless  the  apparatus  is  under  the  hood.  (The  acid  will 
break  down,  partly,  into  H,0  and  SO,,  the  vapors  of  80,  are  irritating  to 
the  lungs).  Liquids  containing  hydrochloric  acid  or  nUric  acid  shoula  be 
evaporated  under  the  hood.  Sulphuretted  hydrogen  is  poisonous  and. 
disagreeable,  continued  inhalation  of  even  small  quantities  will  cause 
headache  and  may  have  serious  results;  it  is,  therefore,  imperatively 
necessary,  unless  a  room  is  especially  provided  in  which  to  generate 
this  gas,  that  all  work  with  hydrogen  sulphide  should  be  performed 
under  the  hood. 

Explosions: — The  majority  of  accidents  result  from  carelessness, 
therefore  the  invariable  rule  by  which  the  student  should  govern  him- 
self in  the  laboratory  is,  "  never  be  careless,  for  carelessness  may  result 
in  permanent  disfigurement  or  loss  of  sight.*'  Hydrogen  and  oxygen, 
hydrogen  and  air^  hydrogen  and  chlorine ^  gaseous  hydrocarbon9  and  oxygen, 
phosphine  and  oxygen  or  phosphine  and  air  as  well  as  the  other  not  very  stable 
hydrogen  compounds  of  the  not  metals  when  mixed  with  oxygen  or  air  will, 
unless  one  or  the  other  constituents  is  present  in  proportionally  small 
quantity,  cause  violent  explosions  when  ignited.  In  generating  the 
gases,  extreme  care  must  be  taken  not  to  bring  a  flame  near  the  exit^ 
tube  of  the  apparatus  until  the  pupil  is  sure  that  &  brisk  current  of  the  gen- 
erated gas  has  traversed  the  apparatus  for  sufficient  length  of  time  to 
oxpel  all  air;  of  course,  no  detmite  time  rule  can  be  estabfished,  because 
this  will  vary  with  the  size  of  the  apparatus,  but,  when  using  the  ordinary 
generating  flasks  of  from  300  to  600  c.c.  the  pupil  should  wait  at  least  7 
to  10  minutes.  Chlorate  of  potassium,  permanganate  of  potassium  and  simi- 
lar powerful  oxidizers  must  not  be  rubbed  in  a  mortar  when  in  contact 
with  substances  which  are  readily  oxidized  (sugar,  starch,  sulphide  of 
antimony,  sulphur,  phosphorus,  [yellow  or  red]  etc.) 

In  a  well  conducted  laboratory,  desks  and  apparatus  must  always 
be  kept  as  clean  as  possible  and  reagent  bottles  returned  to  their  proper 
places  as  soon  as  tne  occasion  requiring  their  use  is  over.  Bunsen 
burners  can  be  cleaned  by  unscrewing  the  outer  tube  and  brushing  the 
nipple  with  a  dry,  stiff  test  tube  brush.f 

THE  NUMBERS  OF  THESE  NOTES  CORRESPOND  TO  THE  REFERENCE  NUMBERS 

IN  THE  TEXT. 

1.  Preparation  of  oxygen  by  heating  mercuric  oxide: — The 
oxide  decomposes  at  a  low  red  heat,  a  little  should  be  placed  in  a  glass 
tube  300  m.  m.  in  length,  closed  at  one  end  and  made  of  so-called 
infusible  glass,  outside  of  the  tube  place  a  cylinder  of  copper  wire 
gauze  to  prevent  cracking;  a  tripple  gas  burner  is  most  convenient  for 
heating.  The  tube  is  connected  with  the  trough  of  water,  over  which 
the  gas  is  collected,  by  means  of  a  safety  bottle;  the  latter  consisting  of 
an  empty  8  oz.  wide-mouthed  bottle,  fitted  with  a  double  bored  rubber 

*  In  the  case  of  ammoDia  the  precaution  may  be  omitted  If  only  smaiXl  quantities 
of  the  reagent  are  to  be  used. 

t  Any  instruction  in  glass  bending  or  blowing  which  is  necessary  should  be 
given  by  the  teacher  before  beginning  laboratory  work— after  the  mstructioiv 
practice  alone  will  make  perfect.  The  pupil  should  buy  W.  A.  Shenstone;  Methods 
of  Glass  Blowing,  Rlvington's  London,  1886. 
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stopper  and  connecting  glass  tubes,  the  ends  of  which  must  not  extend 
below  the  bottom  of  the  stopper.  If  such  a  safety  bottle  is  present  the 
water  in  the  trough  cannot  be  forced  back  into  the  hot  tube,  if,  by  any 
accident,  the  flame  should  be  extinguished,  for  the  cold  water  connot 
get  beyond  the  safety  bottle;  if  it  were  to  strike  the  hot  tube,  an  accident 
would  be  sure  to  follow.  Such  a  safety  bottle  should  always  be  inter- 
posed where  at  pneumaic  trough  is  used  to  collect  gases  which  are 
generated  in  an  apparatus  whicn  is  to  be  heated  to  a  high  temperature* 
(In  the  apparatus  depicted  the  i)lace  of  a  tripple  burner  is  supplied  by 
a  "  combustion  furnace."  which  is  a  long  oven  heated  by  a  number  of 
flames)  Fig  1. 

2.  As  BiiACK  OXIDE  OF  MANGANESE  is  somctimcs  adulterated  with 
charcoal,  it  is  always  necessary  to  test  the  chemical  by  heating  a  very 
little  of  it  in  a  test  tube  before  using  a  larger  quantity,  if  no  explosion 
results,  it  i^  safe  to  use. 

3.  Pbbpabation  op  oxygen  by  heating  manganese  dioxide: — The 
apparatus  to  be  used  is  identical  with  that  used  in  the  experiment 
(note  1),  however,  an  iron  tube,  made  of  ordinary  gas  pipe,  capped  and 
18  inches  in  length,  is  substituted  for  the  glass  one.  Fill  this  tube  J  full 
of  manganese  dioxide,  broken  to  th*e  size  of  a  pea.*  Place  the  tube  flat 
upon  the  desk  and  pound  sharply  after  filling,  this  is  for  the  purpose  of 
making  a  canal  for  the  passage  of  the  gas  above  the  load  in  the  tube.f 
Heat  to  a  red  heat  and  use  a  safety  bottle  (Note  1). 

4.  The  chlorate  of  potassium  should  be  tested  in  the  same  way 
as  the  black  oxide  of  manganese  (Note  2). 

5.  Pkepabation  op  oxygen  by  heating  chi^obate  op  potassium: — 
Take  a  flask  of  200**  capacity,  %  fitted  with  a  single  bored  rubber 
stopper  and  glass  delivery  tube  (Fig  2)  aud  heat  to  a  low  red  heat> 
collecting  the  gas  over  water  in  a  pneumatic  trough;  it  is  best  to  insert 
a  idafety  bottle  between  the  generating  flask  and  the  water  (Note  I).  As 
the  flask  in  which  this  operation  has  been  performed  is  always  in- 
capacitated for  future  use,  and  as  the  operation  is  not  used  for  the  practi- 
cal preparation  of  oxygen,  it  is  better  to  substitute  the  following: — heat 
chlorate  of  potassium  in  a  hard  glass  test  tube  until  all  of  the  oxygen 
is  expelled,  prove  that  oxygen  is  present  by  placing  a  glowing  pine  chip 
in  the  tube.  The  most  approved  method  of  preparing  oxygen  for 
laboratory  use  is  by  heating  a  mixture  of  chlorate  of  potasHum  and 
manganese  dioxide.  Mix,  in  a  mortar,  25  grams  of  potassium  chlorate 
and  5  grams  of  manganese  dioxide,  place  the  mixture  in  a  flask  like 
the  one  indicated  in  the  first  part  oi  this  note  and  shown  by  Fig  2 ; 
heat  gently  with  a  Bunsen  burner  until  the  gas  comes  oft"  slowly  and 
regularly,  collect  all  of  the  gas  in  bottles  over  §  water  in  the  pneu- 
matic trough,  and  save  for  future  use. 

6..  Combustion  in  oxygen: — Burn  the  substances  mentioned  in  the 
text,  cutting  phosphorus,  sulphur  and  carbon  to  the  size  of  a  pea.  The 
deflagrating  spoon  in  which  tnese  substances  are  burned  (Fig  3)  should 

*  If  this  cannot  be  procured  take  powdered  maganese  dioxile. 

f  This  precaution  must  never  be  omitted  in  charging  tubes  with  solid  substances 
which  are  to  generate  gases  on  heating,  otherwise  the  apparatus  will  certainly 
explode. 

t  Round  bottomed  flasks  made  of  hard  bohemian  glass  have  lately  been  brought 
into  the  market,  they  are  in  every  way  more  desirable  than  flat-bottomed  (Erlen- 
meyeri  flasks  like  that  depicted  in  the  cut. 

|!i2oz.  wide  mouthed  (so-called  salt  mouth)  common  bottles  are  cheapest  and 
best  for  collecting  gases.  The  pupil  should  have  a  number  of  square  pieces  of 
window  glass  larger  than  the  mouth  of  the  bottle;  when  necessary  to  remove  the 
latter,  flUed  with  gas,  from  the  trough,  cover  the  mouth  with  one  of  the  pieces  of 
iclass,  by  pressing  the  same  against  the  mouth  of  the  bottle,  raise  the  bottle  up  and 
invert  it»  still  covered  with  the  glass. 
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have  its  handle  thrust  through  a  piece  of  sheet  zinc  larger  than  the 
mouth  of  the  jar  containing  the  gas  and  pierced  with  a  small  hole  in 
the  centre.  It  is  well  to  perform  the  burning  of  phosphorus  in  a  large 
globe,  care  being  taken  to  have  the  deflagratmg  spoon  sink  so  far  into 
the  vessel  as  to  reach  the  center,  if  the  jar  is  too  small  the  heat  is  apt  to 
crack  it. 

7.  The  steel  watch  spring  should  be  heated  in  the  Bunser  burner 
&nd  then  straightened,  a  small  piece  of  cotton  is  now  tied  at  one  end 
and  dipped  into  molten  sulphur;  on  igniting  the  sulphur  and  plunging 
the  spring  into  a  jar  of  oxygen,  the  heat  given  off  by  the  burning  sul- 
phur will  cause  the  iron  to  take  fire.  A  cheap  jar  should  be  employed 
hecause,  during  the  combustion,  the  temperature  rises  high  enough  to 
melt  the  oxide  of  iron,  the  small  particles  of  the  latter  fly  off  and 
become  fused  into  the  walls  or  the  vessel  and  may  even  break  it. 
To  illustrate  the  kindling  temperature  ^  place  a  few  drops  of  dry  carbon 
bisulphide  in  a  test  tube,  warm  until  the  tube  becomes  tilled  with  the 
vapors  of  the  liquid  and  then  place  the  end  of  a  glass  rod,  whibh  has 
previously  been  warmed  in  a  Bunsen  burner,  withm  the  mouth  of  the 
test  tube;  the  carbon  bisulphide  will  take  fire,  thus  furnishing  an 
illustration  of  a  low  kindling  temperature;  the  pupil  can  find  examples 
of    high  kindling  temperature  without  suggestion. 

8.  Preparation  of  hydrogen  by  means  of  sodium  and  water: — 
The  method  of  preparation  is  described  on  page  28  of  the  text,  and  the 
arrangement  of  the  apparatus  is  made  clear  by  figure  6.  •  If  ho  wire 
spoon  is  at  hand,  the  piece  of  sodium,  which  should  be  cut  to  about  the 
size  of  a  bean,  can  be  wrapped  in  a  small  piece  of  copper  gauze,  *  the 
latter  taken  up  by  a  pair  of  crucible  tongs  and  slid  under  the  mouth  of 
the  test  tube  which  has  previously  been  filled  with  water  and  inverted  in  the 
trough;  care  should  be  taken  to  test  the  sodium  to  be  used  in  any  of 
these  experiments  by  placing  a  small  piece  on  water  and  then  standing 
aside,  for,  unless  the  metal  is  clean,  there  is  great  danger  of  an  explosion. 
Scraps  of  sodium  which  have  been  kept  in  the  laboratory  for  some  time 
should  never  be  used. 

9.  This  method  is  expensive  and  not  to  be  recommended  for 
ordinary  purposes.  It  has  oeen  used,  however,  where  perfectly  pure 
hydrogen  is  requred. 

10.  The  decomposition  of  water  by  potassium: — The  piece  of 
potassium  to  be  used  should  be  cut  about  the  size  of  a  pea,  (handle 
neither  potabsium  nor  sodium  with  the  fingers!)  and  thrown  on  the 
water  in  the  pneumatic  trough.  The  decomposition  of  water  by 
potassium  is  so  violent  that  the  neat  generated  sets  fire  to  the  hydrogen 
evolved,  the  latter  burning  with  a  violet  flame.  Care  must  be  taken 
to  stand  at  some  distance  from  the  water  on  which  the  potassium  is 
floating,  as  an  explosion  may  occur  by  means  of  which  tne  pieces  of 
the  metal  will  be  thrown  about,  such  pieces  can  cause  painful  bums  and^ 
if  in  contact  with  the  eyes,  possible  loss  of  sight. 

11.  GRANuiiATED  ZINC: — Prepared  by  fusing  zinc  in  a  stone  ware 
crucible  and  pouring  the  melted  metal  in  a  thin  stream  into  cold  water, 
care  being  taken  to  vigorously  stir  the  water  during  the  operation. 

12.  To  prepare  hydrogen  by  means  of  zinc  and  dilute  sul- 
phuric ACID  :t— Place  5  grams  of  zinc  in  a  gas  generating  flask  fitted 

*  Filter  paper  will  even  answer  the  purpose.  If  copper  gauze  Is  used,  the  sodium 
and  gauze  will  sink  to  the  bottom,  the  sodium  will  melt  after  a  time,  and,  escaping 
through  the  meshes  of  the  gauze,  will  rise;  care  must  be  taken  to  place  the  tube 
so  as  to  catch  the  particles  of  metal  as  they  rise.  If  paper  is  used,  the  sodium  and 
paper  will  rise  to  the  top  of  the  tube,  and  the  generation  of  hydrogen  will  go 
on  at  the  point. 

fBe  sure  to  use  zinc  which  is  free  from  arsenic  or  which,  at  best,  contains  only 
a  trace  of  that  element. 
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-with  a  double  bored  rubber  stopper  and  delivery  and  safety  tube, 
(Figure  7);*  now  pour  dilute  sulpnuric  acid  through  the  safety  tube 
onto  the  zinc,  ad!aing  acid  from  time  to  time  as  occasion  requires* 
Dilute  sulphuric  acid  is  prepared  by  adding  one  part  of  commercial  acid 
"to  6  parts  of  water;  in  diluting  sulphuric  acid,  pour  the  acid,  gradually, 
'into  the  water ^  but  do  not  pour  the  water  into  the  acid;  cool  the  acid 
TDcfore  using,  by  placing  tne  flask  under  the  hydrant. 

13.  In  order  to  purify  the  hydrogen  prepared  as  in  note  12,  it 
:8hould  be  passed  through  a  train  of  wash  bottles  (Fig.  8).  In  the  first 
-one  is  placed  a  solution  of  potassium  hydroxide,  (to  remove  acid 
Tapors),  in  the  second  one,  a  solution  of  potassium  permanganate,  (to 
Temove  gases  which  can  be  oxidized,  viz.:  hydrocarbons,  hydrogen  sul- 
phide, hydrogen  arsenide,  etc.),  in  the  tne  third  one,  concentrated 
•sulphuric  acid,  (to  remove  moisture).  Such  a  traiii  of  bottles  can  be 
•applied  wherever  it  is  necessary  to  purify  a  gas,  provided,  always,  the 
^8ubstances  used  in  them  are  varied  according  to  the  nature  of  the  latter, 
«o  that  no  decomposition  of  the  gas  can  result.  A  judicious  choice  of 
these  washing  agents  comes  with  larger  experience. 

14.  When  larger  quantities  of  gas  are  required  it  is  better  to  use 
a  form  of  gas  generator  depicted  in  Fig.  9.  A  vessel  6,  d,  constricted  in 
the  middle,  is  fitted  with  a  glass  stopcock  delivery  tube,  6,  and  a  wide 
globe  funnel,  with  long  stem,  is  placed  in  the  upper  opening.  The  zinc 
IS  placed  in  6,  and  the  acid  adaed  from  above  until  the  apparatus  is 
.filled  to  about  the  middle  of  the  funnel;  on  opening  the  stopcock  the 
acid  ascends  to  the  metal,  in  closing,  the  generated  hjdrogen  once 
inore  expels  it  from  the  central  ^lobe.  In  this  way  the  metals  can  be 
kept  inclefinitely  out  of  contact  with  the  acid,  and  need  only  be  acted 
on  thereby  when  the  stopcock  c  is  opened;  this  form  of  gas  generating 
apparatus  is  known  as  Kipp's  gas  getterator.  Several  otner  forms  have 
.been  devised,  but  this  one  seems  to  be  the  most  satisfactory,  it  is  useful 
for  generating  any  gas  which  does  not  require  heat  in  its  manufacture. 
Never  pour  hot  acid  into  a  Kipp  generator  nor  never  pick  it  up  other- 
•wise  than  grasping  it  with  hoik  hands  around  the  central  globe. 

Gases  which  are  desired  for  future  use  are  stored  in  a  gasometer, 
(Fig.  10).  A  lower  metal  tank,  holding  about  forty  liters,  is  connected 
-with  an-  upper  one  by  means  of  two  tubes  one  of  which  reaches  to  the 
bottom.  The  gasometer  is  filled  with  water,  all  stopcocks  closed,  the 
•cap  covering  the  bottom  opening  is  removed,  and  tne  gas  to  be  stored 
is  run  in  through  this;  when  all  the  water  has  been  replaced,  the  cap 
is  screwed  on.  When  the  gas  is  to  be  used,  the  upper  tank  is  tilled 
with  water,  the  stopcock,  on  the  tube  leading  to  the  bottom,  is  opened, 
and  the  gas  allowed  to  escape  through  the  upper,  side  opening,  as 
required. 

15.  Effusion  of  hydrogen  through  a  porous  substance:— Con- 
struct an  apparatus  such  as  is  shown  in  Fig.  12,  page  55;  this  consists  of 
a  clean  dry  porous  cup  f  which  is  fastened  at  the  end  of  the  tube  c  bv 
means  of  a  tunnel;  this  funnel  has  exactly  the  diameter  of  the  mouth 
of  the  cup  and  the  two  are  fastened  together,  air-tight ,  by  means  of 
Tubber  cement  placed  around  the  rims.  The  tube  c  is  connected  with 
one  opening  ot  a  double  necked  flask  J  by  means  of  a  single  bored 
rubber  stopper,  while  a  glass  tube,  drawn  to  a  point  and  reaching  to  the 
bottom  of  the  flask,  is  connected  with  the  other  opening,  also  by  means 

♦A  thick  walled  flask  of  300  cc.  capacity  can  be  used  for  this  and  subsequent 
operations  by  which  a  gas  is  generated  when  there  is  no  necessity  of  Mating  the  flank. 
t  A  small  porous  cup  from  a  Bunsen  battery. 
*  So-called  Woulff's  bottle. 
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of  a  rubber  stopper;  when  all  the  connections  are  air-tl^ht,  place  the 
porous  cup  in  an  atmosphere  of  hydrogen,  by  inverting  a  glass  bell, 
open  Intone  end  and  connected  with  a  hydrogen  generator,  over  the 
same;  the  hydrogen  will  rush  through  the  porous  cup  much  more 
rapidly  than  the  air  can  escape,  for  tlie  specific  gravity  of  air  is  14.4 
times  that  of  hydrogen.  As  a  consequence,  the  air  in  the  cup  and  in  c 
is  forced  down  as  if  by  a  piston,  this  causes  a  pressure  on  tne  water* 
which  has  previously  been  placed  in  the  flask,  and  a  fountain  ensues. 
For  an  apparatus  to  illustrate  eifusion  quantitatively  see,  Freer,  Zeit- 
schrift  fiir  Physikalische  Chemie  IX,  669. 

16.  Occlusion  of  hydrogen:— Palladium  is  very  expensive,  one 
gram  will  suffice  to  show  occlusion  of  hydrogen.  Attach  the  palladium 
to  a  platinum  wire,  heat  red  hot  in  a  Bunsen  burner,  allow  to  cool 
slightly,  and  then  place  in  a  current  of  hydrogen  passing  from  a  genera- 
tor ,t  the  occluded  hydrogen  will  be  oxidized  by  tne  air,  the  palladium 
will  once  more  begin  to  glow,  and  will  finally  heat  the  hydrogen  to  its 
kindling  temperature.  So  called  platinized  asbestos  is  cheaper  and  just 
as  available  for  this  experiment;  prepare  platinized  asbestos  by  heating 
asbestos,  which  has  been  dipped  in  a  solution  of  platinum  chloride  and 
then  into  ammonuim  chloride;  a  little  of  this  can  be  fastened,  by 
means  of  fine  platinum  wire,  within  a  small  loop  made  of  iron  wire  to 
which  a  handle  about  4  inches  in  length  is  attached.  Be  sure  to  per- 
form the  simple  experiment  given  on  the  bottom  of  page  32  and  the  last 
one  on  the  first  paragraph  of  the  same  page. 

17.      To   PROVE  THAT   HYDROGEN  FORMS   WATER  WHEN  BURNED   IN  THE 

air: — Dry  the  gas  passing  from  the  generator  by  means  of  the  train 
(Note  13)  or  by  passing  it  through  a  glass  U  tube  filled  with  coarse 
fragments  of  bricK  soaked  with  concentrated  sulphuric  acid  or  througrh 
a  similar  tube  filled  with  fragments  t  of  granulated  calcium  chloride 
(Fig  14). 

18.  Care  should  be  taken  to  expel  all  of  the  air  from  the  apparatus 
before  lighting j  to  find  out  if  this  has  been  accomplished,  test  the  gas  by 
collecting  a  test-tube  full  over  water  in  a  pneumatic  trough,  and  light- 
ing this,  if  it  burns  quietly,  the  apparatus  is  safe.  The  burner  can  be 
made  by  drawing  a  glass  tube  nearly  to  a  point,  inserting  a  small 
cylinder  of  rolled  platinum  foil  in  the  small  end  so  produced,  and  then 
fusing  the  glass  around  the  platinum;  after  the  hydrogen  burner  has 
been  lighted,  place  a  cold  beaker  over  the  flame,  and  water  will  collect 
therein. 

19.      An   EXPLOSIVE   MIXTURE    OF    HYDROGEN    AND   OXYGEN.— ThiS  Cau 

be  prepared  with  safety  by  using  a  small  bottle,  without  a  bottom  and 
with  a  narrow  neck,  to  the  latter,  by  means  of  a  single  bored  rubber 
stopper  and  short  glass  tube,  a  long  rubber  tube  is  fitted.  This 
tube  can  be  closed  by  means  of  a  pinchcock.  The  bottle,  after  the 
rubber  tube  is  closed   by  the  pinchcock,  is   filled  with  water  in  the 

gneumatic  trough  and  then  hydrogen  is  run  in  until  J  of  the  water 
as  been  expelled,  the  remaining  J  is  then  similarly  replaced  by  oxy- 
gen; the  mixture  of  gases  can  be  expelled  by  lowering  the  bottle  in 
the  pneumatic  trough  and  opening  the  pinchcock.  By  placing  the 
end  of  the  rubber  delivery  tube  under  some  soap- suds  in  a  small  tin 
dish,  a  few  soap-bubbles  filled  with  oxy-hydrogen  can  be  produced, 
and  then  exploded  by  touching  with  a  lighted  taper.  Care  should  be 
taken  to  remove  this  dish  to  a  safe  distance  from  the  bottle  before  exploding, 

*  For  lecture  room  demonstrations,  color  the  water  with  blue  litmus. 
t  Take  care  to  have  all  of  the  air  expelled  from  the  generator! 
t  The  size  of  a  pea. 
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and  whatever  oxy-hydrogen  is  left,  should  be  allowed  to  escape  as  soon 
as  the  exi)eriinent  requiring  its  use  has  been  completed.  It  possible, 
the  experiments  with  the  oxy-hydrogen  blow-pipe  (Page  34),  (Fig  11), 
should  be  performed. 

20.  The  volumktbic  compositiok  of  water: — Use  a  eudiometer 
holding  SO**.  This  instrument  is  a  glass  tube  (Fig  13)  which  is  closed  at 
one  end  and  graduated  in  millimeters  (sometimes  in  cubic  centimeters) 
and  has  two  platinum  wires  inserted  near  the  closed  tip  in  such  a  man- 
ner that  an  electric  spark  can  pass  from  one  to  the  other.  *  This  tube 
is  filled  with  mercury  and  inverted  over  a  mercury  trough.  In  order  to 
prove  the  volumetric  composition  of  water,  slant  the  tube  to  one  side 
and  admit  about  lO**  of  hydrogen,  then  add  7'^  of  of  oxygen,  clamp  the 
tube  tightly  with  its  open  end  forced  against  a  leather  washer  in  the 
bottom  of  the  mercury  trough,  taking  care  to  note  the  exact  volume  of 
hydrogen  admitted,  the  volume  of  oxygen,  the  temperature,  barometer 
and  height  of  the  mercury  in  the  tube.  After  all  of  these  preparations 
are  completed  a  spark  from  an  induction  coil  is  passed  through  the  gas. 
After  the  explosion  is  completed  f  and  the  apparatus  has  cooled, 
note  the  volume  of  gas  remaming,  the  temperature  and  the  barometric 
pressure,  as  well  as  the  height  oi  the  column  of  mercury  in  the  tube. 
Keduce  the  gas  before  and  after  explosion  to  standard  conditions  by 
means  of  the  formula  on  page  168,  remembering  that  the  height  of  the 
column  of  mercury  in  the  tube  before  and  after  explosion,  must  be 
deducted  from  the  barometric  pressure.  If  the  pupil  used  10*  of 
hydrogen  and  7*^  of  oxygen,  then  the  lOcc  of  hydrogen  will  have  united 
with  dec  of  oxygen  to  form  water,  and  2cc  of  oxygen  will  remain.  The 
decomposition  of  water  by  the  electric  current  is  made  clear  by  Fig  4.  The 
two  electrodes  are  pieces  of  platinum  foil,  the  water  to  be  decomposed 
is  acidulated  with  sulphuric  acid. 

21.  The  composition  op  water  by  weight  : —  Dumas  passed 
hydrogen  through  a  series  of  U  tubes  (Fig  14)  rilled  as  follows,  counting 
from  his  hydrogen  generator  (respectively  gasometer). — 

U  tube  No.  1 ;  glass  fragments  moistened  with  lead  nitrate  solution,  to  remove 
hydrogen  sulphide. 

U  tube  No.  2;  glass  fragments  moistened  with  silver  sulphate  solution,  to 
remove  hydrogen  arsenide. 

U  tube  No.  3;  pumice  stone  moistened  with  caustic  potash  solution,  to  remove 
carbon  dioxide,  and  other  acids,  such  as  sulphurous  acid,  hydrochloric  acid.  etc. 

U  tube  No.  4,  5;  pieces  of  solid  caustic  potash ;  to  remove  acids. 

XJ  tube  No.  6.  7,  8;  phosphoric  anhydride,  to  remove  moisture. 

The  last  tube  he  weighed  before  and  after  the  operation,  if  it  had 
changed  in  weight  at  all,  the  experiment  was  rejected,  as  the  hydrogen 
was  not  pure.  The  hydrogen  so  purified  was  passed  through  a  tube  of 
hard  glass,  containing  copper  oxide,  this  tube  was  evacuated  by  an  air 
pump  before  beginning  the  operation,  and  weighed  carefully,  it  was  then 
connected  on  one  end  with  the  apparatus  delivering  hydrogen,  purified 
as  above,  on  the  other  with  two  tJ  tubes  filled  with  phosphorus  pent- 
oxide,  the  last  two  were  carefully  weighed  before  the  operation.  The 
hydrogen  was  now  passed  over  the  copper  oxide  in  the  tube  which  was 
heated  in  a  combustion  furnace  (Fig  1)  until  the  oxide  was  reduced  to 
metallic  copper,  after  the  tube  had  then  completely  cooled,  it  was  once 
more  evacuated  and  weighed;  the  loss  in  weight  was  equal  to  the  weight 
of  oxygen  used  to  form  water;  the  two  phosphorus  pentoxide  tubes  which 
were  placed  after  the  copper  oxide,  were  also  weighed,  the  gain   in 

*  Not  infrequently  the  eudiometers  come  to  the  laboratorv  with  the  wires  so  close 
together  that  the  spark  will  not  be  large  enough  to  ignite  the  gases,  if  such  is  the 
case,  force  the  ends  apart  with  a  long  glass  rod. 

t  Wrap  a  towel  around  the  eudiometer  tube  before  exploding. 
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weight  was  eaual  to  the  amount  of  watet  which  had  been  formed.  The 
pupil  should  perform  this  operation  with  a  simpler  apparatus,  which 
can  consist  of  the  train  of  wash  bottles  (Note  13)  filled,  counting  from 
the  hydrogen  generator,  No.  1,  with  potassium  permanganate  solution. 
No.  2  with  lead  nitrate  solution,  No.  3  with  Caustic  potash  solution*  and 
lastly  a  U  tube  filled  with  pieces  of  brick  soaked  in  sulphuric  acid; 
the  copper  oxide  tube  ehoulcf  be  of  hard  glass,  with  a  bulb  blown  on  the 
middle  and  one  end  drawn  to  a'  narrow  opening,  to  this  end,  after 
filling  the  bulb  with  granulated  copper  oxide  and  weighing  the  tube  on 
the  balance,  fweigh  to  iV  ^^  ^  milligramme)  attach  a  U  tube  filled  with 
pieces  of  bricK  soaked  in  sulphuric  acid;  (weigh  this  tube  also  to  Af  of 
a  milligram;)  now  pass.the  hydrogen  through  the  apparatus,  while  heat- 
ing the  copper  oxide  to  a  low  red  heat,  after  reauction  is  complete, 
continue  to  pass  hydrogen  for  some  time,  so  that  every  trace  of  water 
is  carried  over  into  the  last  U  tube;  allow  to  cool,  weigh  and  calculate 
the  results  as  given  on  page  38;  unless  the  ratio  is  within  A  of  a  unit  of 
the  proportion  1 :8,  the  experiment  should  be  repeated.  The  connections 
between  the  various  parts  of  the  apparatus  are  made  by  means  of  rub- 
ber tubings,  be  sure  to  have  this  small  enough  to  fit  air  lighi  over  the  ends 
of  the  tubes,  and  make  the  connections  as  short  as  possible. 

To  PROVE  THE  PRESENCE  OF  WATER  OF  CRYSTALLIZATION;  heat  a 

crystal  of  copper  sulphate  in  a  test  tube,  arid  see  if  water  passes  off, 
whether  at  a'  high  or  low  temperature;  next  dissolve  the  anhydrous  salt 
in  water,  evaporate  in  a  porcelain  dish  on  a  water  bath  f  until 
crystallization  begins,  set  aside  to  cool  and  observe  the  form  of  the 
crystals.  Note  the  change  in  temperature  caused  by  dissolving  sodium 
nitrate  in  water,  and  bj^  dissolving  fused  calcium  chloride  in  water; 
take  a  small  piece  of  quick  lime  and  place  it  in  a  porcelain  dish,  then 
pour  on  a  little  water  and  note  the  change  in  temperature.  See  pages 
4it  ^^'  An  example  of  an  efflorescent  salt  can  be  obtained  by  pro- 
curing a  few  **  soda  crystals,"  (NajCO,-!-  10  H^O),  a  deliquescent  sub- 
stance is  fused  calcium  chloride. 

22.  Preparation  of  ozone: — The  apparatus.  Fig  5,  page  31,  is  the 
one  generally  eniployed  for  obtaining  considerable  quantities  of  ozone. 
An  outer  coating  a  is  of  tin  foil,  surrounding  a  glass  tube,  an  inner 
glass  tube  (c)  is  surrounded  with  thin  copper  foil,  the  two  are  fused 
together  at  h  so  that  c  is  within  a  and  reaches  nearly  to  the  end  of  the 
latter  farthest  from  6.  Dry  oxygen  is  admitted  to  tne  space  between  a 
and  c  by  the  tube  d,  it  passes  out  at  e;  a  is  connected  by  means  of  a 
metal  strip  with  one  pole  of  an  induction  coil,  c,  by  means  of  a. similar 
metal  strip  placed  at  6  with  the  other  pole,  when  a  current  passes,  a 
silent  discharge  takes  place  between  the  tin  foil  surrounding  a  and  the 
copper  surrounding  c.  This  discharge  must  necessarily  traverse  the 
oxygen  which  is  passing  in  at  d  and  out  at  e,  and  by  this  means  ozone 
is  generated.  The  preparation  of  ozone  by  the  student  can  be  accomplished 
by  placing  a  few  pieces  of  phosphorus  in  a  good  sized  bottle  with  a  wide 
necK,  covering  tnem  partly  with  a  very  dilute  aqueous  solution  of 
potassium  dichromate  and  sulphuric  acid,  warming  the  whole  slightly 
(to  about  24"— about  the  temperature  of  a  hot  room  in  summer)  and 

*  The  wasli  bottles  cannot  be  filled  with  very  much  of  the  reqalred  solutions, 
otherwise  tlie  pressure  in  the  hydrogen  f?enerator  will  not  be  sufficient  to  overcome 
the  hydrostatic  pressure  in  tlie  washbottles,  tlie  gas  would,  in  conseauence,  not  flow. 

t  A  copper  basin,  hemispherical  in  shape,  with  the  top  formed  of  concentric, 
movable,  copper  rings.  This  vessel  is  filled  with  water  and  heated  with  a  Bunsen 
burner,  substances  to  be  evaporated  are  placed  in  porcelain  evaporating  dishes  up- 
on it.  Remember  that  a  flame  just  sufficiently  larze  to  cause  the  water  to  boll  Is 
just  as  good  for  heating  purposes  as  one  which  will  cause,  violent  ebaUition;  and 
which  will  necessitate  frequent  refilling  of  the  water  bath. 
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of  hydrochloric  acid  through  the  safety  tube  to  cover  the  manganese 
dioxide,  then  warm  gently  with  a  Bunsen  burner;  or  mix  in  a  mortar 
60  grams  of  manganese  dioxide,  50  grams  of  sodium  chloride,  place  in 
the  generating  flask,  connect  all  parts  of  the  apparatus  and  then  add 
150c.c.  of  sulphuric  acid  (two  parts  sulphuric  acid  to  one  of  water)  and 
warm  gently.  The  pupil  should  prepare  chlorine  by  both  of  these 
methods.  Collect  the  chlorine  in  dry  bottles  by  displacement  of  air,  as  is 
shown  in  the  cut,  Fig  15,  and  when  full,  cover  the  bottles  with  glass  plates 
and  place  aside  for  future  use;  afterwards  pass  chlorine  into  300c.c.  of 
water,  until  the  liquid  is  saturated  with  the  gas.  Form  chlorine  hydrate 
crystals  as  indicated  on  page  60  (paragraph  2).  Into  the  jars  filled  with 
chlorine  introduce:  a,  a  little  powdered  antimony;  6,  a  few  pieces 
of  heatedjcopper  foil;  c,  a  piece  of  moist  litmus  paper;  d,  a  piece  of  filter 
paper,  moistened  with  turpentine.  Try  the  bleaching  power  of  your 
chlorine  water  on  a  piece  of  colored  calico.  Experiments  with  chlorine 
must  be  conducted  under  a  hood! 

28.  BiiEACHiNG  BY  MEANS  OF  CHLORINE: — This  cau  bcst  bc  showu  by 
passing  dry  chlorine  *  through  a  flask  of  1  liter  capacity  which  has 
l3een  fitted  a  triple  bored  rubber  stopper,  connect  one  of  the  glass 
tubes  introduced  through  this  with  the  chlorine  generator,  connect  the 
second  with  a  small  flask  containing  water,  so  that  the  latter  can  be 
boiled  when  desired,  so  as  to  force  steam  into  the  apparatus,  place  a 

flass  tube  on  the  third  hole  of  the  tripple  bored  stopper;  the  latter  is 
or  the  escape  of  the  superfluous  gases,  it  can,  if  desired  j  be  so  bent  as  to 
open  into  a  small  jar  containing  caustic  potash  solution.  Introduce  a 
piece  of  colored  calico  into  the  1  liter  flask  and  admit  dry  chlorine,  no 
bleaching  action  will  be  observed;  now  heat  the  water  in  the  small 
flask  and  force  in  steam,  the  calico  will  then  be  bleached. 

29.  Preparation  of  hydrochloric  acid: — The  apparatus  to  be 
used  is  the  same  as  that  for  the  preparation  of  chlorine  (Fig  15).  The 
generator  is  charged  with  20  grams  of  sodium  chloride,  and  then  30 
grams  of  sulphuric  acid  (two  parts  of  acid  to  one  of  water)  are  added 
through  the  safety  tube,  heat  very  gently  and  collect  two  jars  of  the 
gas  as  was  done  with  chlorine,  pass  the  remainder  of  the  gas  into  a 
beaker  containing  water. 

Ifpdrochloric  acid  is  produced  by  burning  chlorine  in  an  aimospJiere  of 
hydrogen: — In  a  small  flask  (A,  Fig 20)  of  \60c.c.  capacity,  place  10  grams 
of  powdered  manganese  dioxide.  Fit  the  flask  with  a  single  bored  rub- 
ber stopper  into  which  is  inserted  a  tube,  widened  at  the  center  and 
with  its  widened  part  filled  with  pieces  of  granulated  calcium  chloride 
about  the  size  of  a  pea;  after  pouring  concentrated  hydrochloric  acid 
on  the  manganese  dioxide,  put  this  stopper  into  the  flask,  allow  the 
chlorine  to  escape  for  a  time  and  then  invert  a  jar  B  of  hydrogen  over 
the  escaping  chlorine,  taking  care  to  light  the  hydrogen  just  before  it 
reaches  the  chlorine  jet;  the  chlorine  will  then  burn  in  the  hydrogen 
which  fills  the  ia,r.  The  reverse^  burning  hydrogen  in  chlorine,  can  be 
performed  by  nlling  the  flask  A  with  zinc  and  dilute  sulphuric  acid  and 
lengthing  and  bending  the  delivery  tube,  so  that  it  can  form  a  burner 
which  can  extend  down  into  a  jar  of  chlorine;  after  hydrogen  has 
expelled  all  of  the  air  from  the  apparatus,  light  the  jet  -and  lower  the 
flame  into  the  chlorine  jar,  it  will  continue  to  burn;  in  both  experi- 
ments fumes  of  hydrochloric  acid  will  be  observed, 

30.  Hydrochloric  acid: — Place  a  strip  of  moistened   blue  litmus 
paper  in  one  of  the  jars  of  hydrochloric  acid  gas;  place  a  lighted  taper 

*  Dry  the  chlorine  hv  passings  it  through  a  U  tube  containing  pieces  of  brick 
saturated  with  cone,  sulphuric  acid  (Note  21.) 
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in  the  other  and  see  if  the  gas  supports  combustion.  To  a  little  of  your 
solution  in  a  test  tube  add  some  iron  filings;  some  pieces  of  zinc;  dilute 
the  solution  and  taste  it;  try  its  effects  on  blue  litmus  solution.  To 
some  dilute  hydrochloric  acid,  to  which  you  have  added  a  few  drops  of 
litmus  solution,  add  a  solution  of  sodium  hydroxide,  drop  by  drop  from 
a  burette*  until  the  red  color  of  the  litmus  just  turns  into  blv£,  one 
drop  of  acid  will  then  turn  the  blue  litmus  red,  a  drop  of  sodium 
hydroxide  will  turn  the  color  back  to  blue;  the  solution  is  then 
neutral.  If  it  is  evaporated,  nothing  but  sodium  chloride  will  remain;  that 
sodium  chloride  is  formed  can  be  proved  by  adding  sulphuric  acid  to 
the  crystallized  remainder.    (Pages  72  and  73.) 

31.    The  electrolysis  of  hydrochloric  acid  is  described  in  note  26. 

The  extreme  solubility  of  hydrochloric  acid  in  water  can  be  shown 
by  an  apparatus  such  as  is  depicted  by  Fig  19.  The  upper  flask  is  well 
billed  with  dry  hydrochloric  acid  gas,  and  is  stoppered  with  a  single 
bored  rubber  stopper,  through  the  latter  there  runs  a  glass  tube,  drawn 
to  a  point  and  sealed  without  the  flask  ana  narrowed  within.  The  large 
beaker  is  filled  with  blue  litmus  solution.  When  all  is  ready,  the 
sealed  point  is  broken  under  the  water.  As  the  fountain  is  somewhat 
slow  in  starting,  a  small  bulb  of  water,  sealed,  can  be  placed  within  the 
flask  and,  when  the  apparatus  is  to  be  used,  can  be  broken  by  a  quick 
shake.  The  water  will  absorb  hydrochloric  acid,  create  a  partial 
vacum  and  the  blue  litmus  solution  will  run  in. 

32  Decomposition  of  hydrochloric  acid  into  one  volume  of 
CHLORINE  AND  ONE  OF  HYDROGEN: — The  apparatus  to  be  used  is  shown 
in  Fig  21,  Page  120,  pure,  dry  hydrochloric  acid  gas  is  introdued  through 
the  glass  stopcock  of  the  apparatus  (which  has  previously  been  filled 
with  dry  mercury)  until  one  arm  of  the  U  shaped  tube  is  about  J  full, 
the  mercury  being  allowed  to  run  off  at  the  lower  tap  as  fast  as 
hydrochloric  acid  enters  through  the  upper  stopcock;  when  enough  gas 
has  been  admitted,  the  upper  and  lower  stopcocks  are  closed  and  the 
mercury  placed  at  the  same  level  in  both  arms.  The  hydrochloric  acid 
gas  is  now  under  atmospheric  pressure,  the  level  of  the  mercury  is 
therefore  marked  by  a  rubber  ring.  Now,  sodium  amalgam  f  is  poured 
into  the  open  arm  until  the  latter  is  quite  full,  a  cork  stopper  is 
inserted  tightly  and  then  the  apparatus  is  shaken  from  side  to  side  so 
that  the  sodium  amalgam  comes  in  contact  with  the  gas;  the  hydro- 
chloric acid  is  decomposed  after  the  lapse  of  about  one  minute.  The 
gas  which  remains  is  now  carefully  brought  back  into  the  arm  of  the 
apparatus  which  it  originally  occupied,  the  cork  stopper  removed,  and 
tne  mercury  run  out  through  the  lower  tap  until  on  tne  same  level  in 
both  arms;  it  will  Jhen  be  seen  that  the  volume  of  hydrogen  left  is 
exactly  J  of  that  which  was  occupied  by  the  hydrochloric  acid.  Take 
care  to  have  the  apparatus,  sodium  amalgam  and  hydrochloric  acid 
perfectly  dry  before  beginning  the  experiment,  for  sodium  amalgam, 
acting  on  water,  will  generate  hydrogen. 

♦  A  burette  is  a  glass  tube  about  500  m.m.  In  length,  one  end  of  which  terminates 
in  a  narrow  tube,  closed  with  a  glass  stopcock;  a  measured  quantity  of  liquid  can 
therefore  be  run  out  of  this  instrument  by  opening  the  stop-cock  at  the  bottom. 

t  To  prepare  sodium  amalgam,  take  500  grams  of  dry  mercury,  place  in  a  large 
clay  crucible  and  cover  with  an  iron  dish,  now  cut  7  grams  of  clean  sodium  into 
pieces,  the  size  of  a  hickory  nut  and  throw  these  into  the  crucible;  to  start  the 
reaction,  heat  a  little  mercury  In  a  test  tube,  raise  the  cover  on  the  crucible  a  little 
and  pour  in  the  hot  mercury,  an  instant  reaction,  accompanied  by  a  flash  of  light 
will  occur,  during  this,  stand  aside  so  as  not  to  inhale  fumes  of  mercury;  after  all 
is  over,  stir  the  sodium  amalgam  with  an  iron  wire,  place  in  a  wide-mOi>thed  glass 
stoppered  bottle,  when  cool,  and  keep  for  future  use.  Prepare  sodium  amalgam 
under  the  hood. 
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33.  Th5  preparation  of  bromine:— Take  a  tubulated  and  glass- 
stoppered  retort  (Fig  22,  page  121)  of  200c .c.  capacity,  place  in  this  10 
grains  of  manganese  dioxide  and  20  grams  of  potassium  bromide 
(these  constituents  previously  mixed  in  a  mortar),  clamp  the  retort  to  a 
retort  stand,  as  shown  in  the  figure,  and  thrust  the  necK  of  the  retort 
far  into  the  neck  of  a  receiver  of  500c.c.  capacity,  this  receiver  is  cooled 
by  means  of  a  stream  of  water,  the  escape  of  which  is  provided  for  by 
a  large  funnel,  placed  under  the  receiver,  and  which,  preferably, 
should  be  connected  with  a  sink.  When  all  is  ready,  add  concentrated 
sulphuric  acid  to  the  manganese  dioxide  and  sodium  bromide,  put  in  the 
glass  stopper  of  the  retort  and  seal  the  latter  tightly  by  means  of  a  little 
plaster  of  paris  and  water,  allow  the  retort  to  stand  for  ten  minutes,  and 
then  heat  gently,  the  bromine  will  distill  and  collect  in  the  receiver. 
The  operation  should  be  performed  under  the  hood  I  Make  a  solution 
of  bromine  in  water  and  try  its  bleaching  power  as  you  did  with 
chlorine;  fill  a  tube  about  500w.m.  in  length,  closed  at  one  end,  with 
chlorine  water  and  invert  over  a  beaker-glass  which  is  partly  filled  with 
the  same  liquid,  and,  after  properly  supporting  the  tube,  place  the 
whole  in  the  sunlight,  do  the  same  with  bromine  water,  placing  the 
apparatus  filled  with  the  latter  beside  that  containing  chlorine  water, 
and  after  24  hours,  notice  the  amount  of  oxygen  separated  by  each 
halogene,  (see  Page  76.) 

34.  Preparation  of  hydrobromic  acid: — Take  a  few  particles  of 
sodium  or  potassium  bromide,  place  the  same  in  a  test  tube,  and  warm 
very  gently,  note  color  and  odor  of  the  gas  which  is  passed  off.  Pure 
hydrobromic  acid  cannot  be  prepared  in  this  way.  The  apparatus  for 
the  preparation  of  hydrobromic  acid  for  laboratory  use  is  shown  by  Fig 
23,  Page  125.  The  flask  A  which  has  a  tube  fused  into  the  side  or  the 
neck  *  has  a  capacity  of  300c.c.,  it  is  fitted  with  a  single  bored  rubber 
stopper  into  which  is  inserted  a  drop  funnel;  the  side  tube  connects 
with  a  glass  tube  B  which  is  about  300m.m.  in  length  and  which  is  filled 
with  pieces  of  brick  which  have  been  moistened  and,  rolled  in  red 
phosphorus,  the  upward  slant  to  this  tube  is  necessary  to  prevent  pieces 
of  phosphorus  and  impure  water  from  being  carried  over  into  the 
retort  c,  the  latter  is  interposed,  between  the  tube  5  and  the  water  which 
is  in  the  beaker  glass,  solely  to  prevent  the  latter  from  **  sucking  back" 
as  soon  as  the  current  of  hydrobromic  acid  becomes  so  feeble  that 
solution  of  the  gas  in  water  takes  place  so  rapidly  that  the  gas,  which  is 
being  generated,  is  unable  to  keep  the  liquid  out  of  the  apparatus.  By 
reason  of  the  interposition  of  the  retort,  the  water  can  be  forced  back  no 
further  than  that  vessel,  previded  its  capacity  is  greater  than  the  volume 
of  liquid  in  the  breaker.  Charge  the  generating  flask  A  with  25  grams 
of  red  phosphorus  and  then  add  just  barely  enough  water  to  cover  the 
latter yf  fill  tne  drop  funnel,  above,  half  full  of  bromine,  connect  all 
parts  of  the  apparatus,  and  allow  the  bromine  to  fall  on  the  phosphorus 
slowly,  drop  by  drop,  (care  !),  each  drop  of  bromine  will  cause  a  flash 
of  light  and  the  formation  of  hydrobromic  acid.  After  allof  the  water 
in  the  flask  A  and  the  tube  B  has  been  saturated  with  hydrobromic  acid, 
the  latter  will  escape  into  the  retort  c  and  can  be  collected  in  a  beaker 
of  water,  or,  as  the  dry  gas,  by  downward  displacement,  as  is  done  with 
chlorine.  White  crystals  of  phosphonium  bromide  (see  Page  209)  will 
ultimately  clog  the  apparatus  if  too  little  water  is  present,  this  may 
become  so  serious  as  to  entirely  prevent  the  flow  of  gas  through  B  in 

•  A  so-called  fractional  distilling  flask, 

t  In  preparing  bydrobromic  acid  the  greatest  care  must  be  taken  not  to  add  too 
much  water,  otherwise  tbe  liquid  will  dissolve  the  hydrobromic  acid  as  fast  as  it  is 
generated . 
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which  case  an  explosion  will  inevitably  result.  Prevent  this  accident 
by  adding  a  few  arops  of  water  to  the  generator  A  as  soon  as  you  see 
pnosphonium  bromide  crystals  forming.  Perform  the  same  experiments 
with  the  solution  of  hyd.robromic  acid  as  you  did  with  hydrochloric 
acid.  Fill  one  jar  with  dry  hydrobromic  acid  gas  and  invert  a  jar  of 
chlorine,  of  the  same  size,  over  it;  observe  the  separation  of  bromine 
and  the  rate  of  diffusion  of  the  gases. 

35.  Pbeparation  of  iodine: — Perform  this  operation  with  the  same 
apparatus  and  same  proportions  as  you  used  m  the  preparation  of 
bromine,  you  can  omit  the  cooling  of  the  receiver;  of  course,  substitute 
potassium  iodide  or  sodium  iodide  for  the  bromide  which  you  used  in 
note  33. 

36.  Preparation  of  hydroiodic  acid: — The  apparatus  is  the  same 
as  that  used  for  the  preparation  of  hydrobromic  acid  (Fig  23,  pace  125) 
with  the  exception  that  the  bricks,  covered  with  moist  red  phosphorus,, 
can  be  omitted  from  the  tube  5,  as  all  of  the  iodine  which  may  pass  over 
from  the  generating  flask  A  will  be  condensed  by  the  cold  glass  tube. 
In  charging  the  apparatus,  place  50  grams  of  ioditxe  in  the  generating, 
flask  A^  add  to  this  10  grams  of  water;  replace  the  drop  funnel  used  in 
the  hydrobromic  experiment  by  an  ordinary  funnel,  which  can  be  stop- 
pered by  a  glass  rod  thrust  into  the  neck  and  ground  into  the  tip  so  as^ 
to  be  water  tight;  through  this  funnel,  after  all  the  connections  of  the- 
apparatus  are  tight,  gradually  drop  red   phosphorus  which  has  been*, 
stirred  with  water  to  a  thick  paste,  upon  the  iodine.    By  following  these 
directions    the   generation  of  phosphonium  iodide,   which  invariably 
results  if  the  apparatus  is  arrangea  exactly  as  in  the  preparation  of 
hydrobromic  acid,  is  avoided.    Care  must  be  taken  not  to  add  the- 
pnosphorus  too  rapidly,  otherwise  an  explosion  would  result;  the  pro- 
portions  which  are  most  successful  for  the  preparation  of  hydroiodic  > 
acid  are;  10  parts  of  iodine,  5  parts  of  phosphorus  and  2  parts  of  water. 

37.  The  preparation  of  sulphur: —  The  formation  of  sulphur  hy 
the  action  of  hydrogen  sulphide  on  sulphur  dioxide  The  apparatus  is  showni 
on  pa^e  127,  fig  24.  The  flask  C,  with  two  lateral  tubmures,  has  500c.c.. 
capacity,  in  the  flask  A  place  about  10  grams  of  copper  shavings,  stopper 
with  a  double  bored  rubber  stopper  into  which  is  inserted  a  safety  tube? 
and  delivery  tube,  add  100  grams  of  concentrated  sulphuric  acid  through 
the  safety  tube  and  connect  with  C,  as  shown  in  the  cut.  The  double 
necked  (Woulff)  wash  bottle  B,  which  contains  a  little  water,  is  con- 
nected with  a  hydrogen  sulphide  generator.  The  latter  is  the  same  as 
that  used  for  hydrogen,  (!Note  12),  with  the  exception  that  the  zinc  is 
replaced  by  10  grams  of  ferrous  sulphide;  the  flask  C  has  its  mouth 
emptying  in  a  beaker,  containing  a  solution  of  potassium  hydroxide,  thet 
latter  is  for  the  purpose  of  absorbing  the  excess  of  gases.  When  all  is; 
readv,  connect  all  parts  of  the  apparatus  and  heat  the  copper  and 
sulphuric  acid  in  A  until  the  ebullition  indicates  that  the  formation  ot 
sulphur  dioxide  has  begun,  then  remove  the  flame;  next  add  dilute, 
sulphuric  acid  to  the  ferrous  sulphide  in  the  generating  flask  connected, 
witn  B,  The  sulphur  dioxide  and  hydrogen  sulphide  will  meet  in  c\- 
after  a  time,  small  drops  of  plastic  sulphur  will  collect,  the  latter  soon, 
become  of  opaque  and  yellow,  changing  into  ordinary  rhombic  sul- 
phur.* 

38.  The  distillation  of  sulphur: — Bend  a  test  tube  and  clamp  it, 
to  a  retort  stand,  as  is  shown  by  Fig  27.    Place  three  or  4  grams  of 
sulphur  in  the  test  tube  and  heat,  collect  the  vapors  in  a  cold  beaker  of 
water.    Endeavor  to  observe  all  of  the  phenomena  mentioned  on  page. 

*  It  takes  very  nearly  an  hour  to  form  a  good  deposit  of  sulphur. 

31 
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89,  paragraph  1,  and  observe  the  formation  of  flowers  of  sulphur  on  the 
cold  surface  of  the  water. 

39.  The    cbystallization   op   sttlphur; — Rhombic   sulphur.     Take 
some  dry  carbon  bisulphide  *  and  place  it  in  a  test  tube,  add  roll  sul- 

ghur  to  this  and  stopper,  allow  to  stand  until  the  carbon  bisulphide 
as  taken  up  as  much  sulphur  as  it  will,  now  pour  the  clear  solution 
into  a  second  clean  test  tube,  stopper  the  latter  with  some  cotton  and 
put  aside  in  a  quiet  place.  After  a  time,  fine,  transparent  crystals  of 
rhombic  sulphur  will  separate.  Monoclinic  sulphur: — Melt  100  grams  of 
sulphur  in  a  flat  porcelain  evaporating  dish  and  then  allow  to  cool  until 
a  crust  has  formed  over  the  surface,  perforate  this  crust  by  means  of  a 
glass  rod  before  the  entire  mass  becomes  solid,  and  then  pour  oft'  the 
sulphur  which  has  not  solidifled  through  the  hole  which  has  been 
formed.  The  bottom  of  the  evaporating  dish  will  be  covered  with 
colorless,  transparent  needles  of  monoclinic  sulphur  crystals. 

40.  The  preparation  of  hydrogen  suiiPHiDE: — The  apparatus 
used  is  the  same  as  that  employed  to  generate  hydrogen,  (Notes  12  and 
37).  In  the  generating  flask  place  20  grams  of  ferrous  sulphide,  broken 
to  about  the  size  of  a  bean,  connect  the  delivery  tube  with  one  of  your 
bottles  from  the  train  used  in  drying  hydrogen,  (this  bottle  should  con- 
tain a  little  water,  so  as  to  retain  any  acid  fumes  which  may  pass  overj; 
after  ail  connections  are  made,  pour  dilute  sulphuric  acid  through  the 
thistle  tube.  Collect  the  sulphuretted  hydrogen  which  passes  oft",  as 
you  did  with  chlorine  and  hydrobromic  acid,  bv  displacement  of  air, 
m  dry  bottles  (such  as  you  used  for  hydrogen  and.  oxygen),  after  three 
bottles  have  been  filled  in  this  way,  pass  the  remainder  of  the  gas  into  a 
bottle  filled  with  water.  Apply  a  lighted  taper  to  one  of  the  bottles  filled 
with  dry  gas;  place  a  strip  of  filter  paper  which  is  soaked  with  a  solution 

-of  lead  acetate  in  the  second;  pass  chlorine  from  the  small  chlorine 
generator,  which  you  prepared  tor  the  experiment  in  note  29,  into  the 
third.  Take  the  solution  of  hydrogen  sulphide  which  you  have  pre- 
pared and  add  a  little  of  it  to  a  solution  of  copper  sulphate;  to  a  solution 
of  cadmium  nitrate,  to  a  hydrochloric  acid  solution  of  arsenic  trioxide; 
to  a  slightly  acid  solution  of  stannous  chloride  t  (See  page  95  of  the 
text).    Experiments  with  hydrogen  sulphide  must  be  conducted  under 

the  hood! 

41.  The  decomposition  of  hydrogen  sulphide  by  heat: — ^This 
decomposition  can  best  be  shown  by  the  apparatus  depicted  in  Fig  28, 
page  134.  This  consists  of  a  fiask  of  about  1  liter  capacity,  well  stop- 
pered with  a  double  bored  rubber  stopper,  into  this,  two  glass  tubes  are 
fitted  through  which  run  two  pieces  or  tolerably  thick  copper  wire,  the 
tips  of  the  glass  tubes  being  fused  around  these  wires,  the  extremities 
of  the  copper  wires  are  connected  by  a  platinum  wire  as  shown  in  the 
cut.  Fill  the  flask  completely  with  gaseous  hydrogen  sulphide,  insert 
the  stopper,  and  pass  an  electric  current  through  the  platinum  wire  by 
Attaching  the  free  ends  of  the  copper  wires  to  the  two  poles  of  a  battery, 
(the  current  should  be  just  sufficient  so  cause  the  wire  to  glow);  the 
hydrogen  sulphide  will  decompose  at  the  line  of  contact  of  the  hot 

'wire. 

The  experiments  leading  to  the  preparation  of  the  oxygen  acids  and  saJts 

of  chlorine,  bromine  and  iodine  are  made  sufliciently  clear  in  the  text, 

and  need  give  no  difficulty  as  the  pupil  is  now  able  to  prepare  the 

halogenes  and  use  them  in  the  formation  of  the  various  compounds 

♦Dry  the  carbon  bisulphide  by  shakinsr  it  with  fused  calcium  chloride. 
tThe  pupil  can  select  solutions  of  tne  salts  of  other  metals  and  study  the 
Eolubllity  m  acids  and  in  alkalis  of  the  sulphides  so  produced. 
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mentioned  in  chapters  19  and  20.  In  performing  these  experiments  he 
should  confine  himself  to  the  preparation  and  reactions  of  those  salts 
which  are  formed  by  adding  chlorine,  bromine  and  iodine  to  solutions 
of  potassium  hydroxide,  and  to  the  formation  of  calcium  hypochlorite 
by  passing  chlorine  over  slaked  lime  and  to  the  decomposition  of 
calcium  hypochlorite  by  hydrochloric  and  sulphuric  acids. 

42.  The  preparation  of  sitlphur dioxide: — ^The  apparatus  is  shown 
on  page  135,  Fig.  29.  The  generating  flask  should  be  of  500  c.  c.  capac- 
ity, into  this  place  about  twenty  grams  of  copper  shavings,  connect  all 
parts  of  the  apparatus,  add  about  100  c.  c.  of  concentrated  sulphuric 
acid  through  the  safety  tube  and  heat  by  means  of  a  Bunsen  burner; 
when  the  ^as  begins  to  pass  ofi:,  lower  the  flame  so  as  to  secure  a  regu- 
lar evolution.  The  wash  bottle  contains  concentrated  sulphuric  acid. 
Collect  three  jars  of  the  gas  by  displacement  of  air  and  pass  the  remain- 
ing gas  into  water.  See  if  the  gas  will  burn  or  will  support  combustion, 
put  a  moist  strip  of  colored  calico  into  one  of  the  jars,  and  a  small  red 
rose,*  which  has  been  moistened  into  another.  To  portions  of  the  solu- 
tion of  sulphur  dioxide  in  water  add^  successively,  a  dilute  alcoholic 
solution  of  iodide;  a  solution  of  bromine;  a  solution  of  ferric  chloride; 
a  solution  of  potassium  dichromate.  (All  of  these  reagents  will  illus- 
trate the  reducing  power  of  sulphur  dioxide). 

43.  Liquid  sulphur  dioxide. — The  most  convenient  form  in  which 
to  use  sulphur  dioxide  in  the  laboratory  is  as  a  liquid.  The  apparatus 
shown  by  Fig.  30,  page  137,  is  placed,  with  all  its  stopcocks  open,  in  a 
dish  filled  with  a  mixture  of  pounded  ice  and  salt!  and  then  a  slow  cur- 
rent of  sulphur  dioxide,  generated  as  explained  in  note  43,  is  passed 
through.  In  order  to  more  perfectly  cool  the  gas  it  should,  after  leav- 
ing the  drying  flask,  traverse  a  spiral  glass  tube  which  is  placed  in  a  jar 
and  coplea  with  snow  and  salt.  When  a  sufiicient  quantity  of  the  gas 
has  been  liquified,  all  of  the  stopcocks  are  closed  and  the  apparatus  is 
net  aside  until  wanted.  When  gaseous  sulphur  dioxide  is  required,  the 
stopcock  c  is  opened,  and  a  portion  of  the  gas  run  into  the  small  bulb, 
c  is  then  closed,  and  by  opening  h  the  gas  can  be  used  without  interfer- 
ing with  the  liquid  in  the  large  bulb. 

44.  The  manufacture  of  sulphuric  acid: — A  laboratory  apparatus 
for  illustrating  the  manufacture  of  sulphuric  acid  is  shown  in  Fig.  30. 
A  large  glass  globe  (A)  of  about  5  liters  capacity  is  fitted  with  a  rubber 
stopper  in  which  five  holes  are  bored.  Three  small  flasks  (a,  b,  c)  are 
connected  with  this  by  means  of  glass  tubes  extending  to  the  middle  of 
the  large  one,  and  through  the  remaining  holes  two  tubes,  also  extend- 
ing to  the  middle  of  the  Targe  flask,  are  fitted.  SO2  is  generated  in  a  by 
heating  copper  shavings  and  sulphuric  acid,  NO  in  b  by  means  of  cop- 
per and  dilute  nitric  acid  (no  heat  is  required),  and  steam  is  supplied,  as 
wanted,  by  heating  water  in  c.  Air  can  be  forced  in  at  d  by  connecting 
the  tube  with  a  bellows,  and  the  tube  c,  connected  with  a  hood,  is  left  as 
a  vent  hole  for  the  escape  of  gases.  When  NO  (nitric  oxide)  comes  in 
-contact  with  air,  it  is  oxidized  to  a  mixture  of  NO2  and  N2  Oj,  so  that, 
after  that  change  has  taken  place,  we  have  the  gas  present  which  is 
necessary  for  the  formation  of  sulphuric  acid  from  sulphurous  acid. 
If  very  little  steam  is  admitted  we  can  easily  see  the  formation  of 
nitrosyl  sulphuric  acid,  for  the  large  globe  becomes  covered  with  frost- 
like crystals  of  that  substance.  If  an  excess  of  steam  is  admitted,  these 
crystals  disappear  and  sulphuric  acid  is  formed,  the  latter  collecting  as 

*Boses  are  best  to  use  for  bleaching  with  sulphur  dioxide,  many  other  red  flowers 
bleach  very  slowly,  some  not  at  all. 

tin  making.a  freezing  mixture,  do  not  spare  the  salt. 


484  APPENDIX  OK 

an  oily  liquid.    By  varying  the  amounts  of  NO,  SO™  air  and  steam,  we 
can  study  all  of  the  phases  of  sulphuric  acid. manufacture. 

Take  some  concentrated  sulpnuric  acid,  and  add  it  to  a  little  cane 
sugar  which  vou  have  placed  in  a  test  tube,  stir  the  mixture  with  a 
glass  rod  and  allow  to  stand  under  the  hood ;  add  9.8  grams  of  concen- 
trated sulphuric  acid  to  1.8  grams  of  water,  place  the  liquid  in  a  small 
flask  and  surround  the  latter  with  crushed  xce  and  salt,  crystals  of  H« 
SO5  will  form;  warm  the  H4  Sqs  until  melted,  and  once  more  add  1.8 
grams  of  water,  place  in  the. freezing  mixture  and  crystals  of  H,  SO, 
will  separate;  melt  the  Hg  SOg  which  you  have  made  and  then  gradu- 
allv  acid  more  water  and  notice  if  there  is  any  increase  of  temperature.* 
Add  some  dilute  sulphuric  acid  to  a  solution  of  barium  chloride;  to  a 
solution  of  strontium  chloride  and  to  two  solutions  of  calcium  chloride, 
the  first  of  which  is  very  dilute,  the  second  tolerably  concentrated,  and 
note  the  result  (see  page  395). 

To    ISOLATE    NITROGEN    FBOM    THE    ATMOSPHERE  : — The    apparatus    is 

shown  by  Fig.  33.    Take  a  bell  jar  of  3  liters  capacity,  invert  it  over  a 

glass  basin,  or  over  vour  pneumatic  trough,  prepare  a  float  made  of  a 
at  cork,  on  one  side  of  which  vou  have  fastened  a  porcelain  crucible 
cover  by  forcing  the  handle  firmly  into  the  cork,  place  this  cork,  with 
the  crucible  cover  up,  in  your  pneumatic  trough,  place  a  piece  of  i>ho8- 

ghorus  the  size  of  a  bean  on  the  cover  and  light  the  phosphorus  with  a 
ot  wire  (care  m  handling  phosphorus!);  now  invert  the  bell  jar  over 
the  float  and  slightly  raise  the  stopper  at  the  top,  so  that  the  gas  within, 
which  necessarily  expands  very  greatly  owing  to  the  heat  given  off  by 
the  burning  phosphorus,  can  quietly  escape.  If  this  precaution  is 
omitted  the  air  will  be  forced  out  at  the  bottom  of  the  jar  m  large  bub- 
bles, the  disturbance  may  even  tip  over  vour  phosphorus  float  Mter 
the  violent  combustion  is  over,  msert  the  stopper  of  the  bell  jar  and 
allow  to  cool,  water  will  rise  in  the  jar  to  take  the  place  of  the  03^gen 
which  has  gone  to  form  phosphorus  pentoxide,  and  also  to  take  the 
place  of  the  air  which  has  been  expielled.  To  test  the  gas  remaining, 
add  enough  water  to  the  pneumatic  trough  to  make  tne  level  within 
and  without  the  bell  jar  alike,  and  then  introduce  a  lighted  toper.t 

46.  The  composition  of  atmosphere: — A  crude  method  of  deter- 
mining the  volumetric  composition  of  the  atmosphere  is  by  means  of 
the  apparatus  shown  by  Fig.  34.  Divide  a  long  glass  tube,  closed  at  one 
end,  into  five  equal  parts  by  means  of  rubber  rings.  Insert  this  over  a 
long  cylinder  witn  water  so  tnat  the  level  without  and  within  is  at  the  first 
ring,  and  then  clamp  the  tube  in  place.  Now,  fix  a  piece  of  phosphorus 
on  a  long  copper  wire,  taking  care  not  to  touch  the  phosphorus  with  the 
hands,  bend  the  wire  as  shown  in  the  cut,  thrust  the  phosphorus  up  into 
the  tube  and  stand  the  apparatus  aside  for  two  days.  The  oxygen  of 
the  enclosed  air  will  then  be  entirely  absorbed  and,  by  sinking  the  tube 
so  that  the  level  of  the  water  without  and  within  is  the  same,  the 
amount  of  nitrogen  in  the  air  can  be  ascertained.  By  noting  the  height 
of  the  barometer  before  and  after  the  experiment  and  then  applying 
the  necessary  corrections,  quite  accurate  results  can  be  obtained,  but,ii 
such  are  required,  a  carefully  graduated  tube  must  be  substituted  for 
the  crudely  divided  one  indicated. 

*  In  this  experiment  it  will  be  necessory  to  add  water  to  sulphuric  add;  be  sure 
to  hold  the  flask  at  a  safe  distance  while  pourins  in  the  water,  otherwise  the  heat 
which  is  generated  might  cause  the  latter  to  boil  and  spatter  drops  of  sulphuric 
acid  about. 

t  The  sides  of  the  bell  Jar  become  coated  with  a  red,  amorphous  solid  during  this 
operation,  this  substance  is  a  sub-oxide  of  phosphorus  with  the  probable  formula 
P4  O;  it  is  not  red  phosphorus,  as  is  generally  supposed. 
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In  order  to  accurately  measure  the  relative  amounts  of  oxygen 
and  nitrogen  in  the  atmosphere  the  eudiometer  (Fig.  13)  Note  20  is  em- 
ployed; the  instrument  should  have  a  capacity  of  100  c.  c,  it  is  parti- 
ally filled  with  mercury  and  inverted  over  the  mercury  trough  so  that 
about  25  c.  c.  of  air  will  remain  enclosed;  about  14  c.  c.  of  hydrogen  are 
now  run  in,  by  slanting  the  tube  and  placing  the  delivery  tube  of  a  hj- 
drogen  apparatus  whicn  is  generating  pure  and  dry  hydrogen  under  its 
mouth;  take  all  of  the  precautions  mentioned  in  Note  20,  and  ignite 
the  mixture  of  ^ases  with  an  electric  spark;  be  sure  to  accurately  read 
the  volume  of  air  arid  the  volume  of  hydrogen  before  the  explosion,  and 
aleo  to  measure  the  height  of  the  column  of  mercury  as  indicated  in  Note 
20,  after  the  explosion  read  the  volume  of  remaining  gas  and  reduce 
to  standard  conditions,  exactly  as  was  done  before.  The  hydrogen  will 
have  united  with  the  oxygen  to  form  water,  therefore,  one-third  of  the 
volume  by  which  the  mixture  of  the  gases  which  were  enclosed  in  the 
eudiometer  has  diminished,  ihu^t  have  been  oxygon.* 

47.  The  presence  of  carbon  dioxide  in  the  AtMOSPHERE : — Take  one 
of  the  train  of  wash-bottles  which  was  used  in  drying  hydrogen,  clean  it 
and  fill  it  with  clear  lime-water  and  attach  to  a  Bunsen  aspirator  which 
you  'have  fastened  to  the  hydrantf  and  the  suction  tube  of  which  is  con- 
nected with  your  wash-bottle  in  such  a  way  that  air  will  be  drawn 
through  the  apparatus  in  the  same  direction"  as  hydrogen  is  forced 
through  it  as  indicated  in  Fig.  8,  page  41.  The  lime-water  will  soon 
become  turbid,  owing  to  the  formation  of  calcium  carbonate;  if  you  use 
two  wash-bottles j  each  of  which  contains  clear  lime-water,  then  the  one 
into  which  the  air  first  passes  will  become  turbid,  while  the  second  will 
remain  clear.'  '-  Ihe  presence  of  moisture  in  the  atmosphere  can  be  shown  by 
exposing  an  open  beaker,  containing  concentrated  sulphuric  acid,  to  the 
air;  after  som'e  days  the  volume  will  be  observed  to  have  increased, 
while  the  acid  has  become  diluted  with  water. 

48.  The  preparation  of  ammonia: — The  apparatus  for  the  prepa- 
rati.dn  of  ammonia  is  shown  on  page  108,  Fig.  18.  The  generating  flask 
is  of  500  C.  c.  capacity,  in  it  are  placed  50  grams  of  ammonium  chloride 
and  100  grams  of  slaked  lime;  (prepare  slaked  lime  by  slowly  pouring 
water  on  quick  lime  until  the  latter  finally  crumbles  to  a  powder)  con- 
nect the  geu'erating  fiask  with  a  double-necked,  Woulff' s  bottle  (Note 
37),  the  latter  being  filled  with  small  pieces  of  quick  lime,  which  are 
present  for  the  purpose  of  drying  the  gas,  collect  ammonia  oyer  mercury 
or  by  displacement  of  air  in  a  jar  which  is  '.eld  mouth  downward,  for  am- 
monia is  specifically  lighter  than  air.  When  all  connections  are  made, 
add  enough  water  to  the  mixture  of  ammonium  chloride  and  slaked 
lime  in  the  flask  to  cause  the  latter  to  roll  into  lumps  on  shaking;  now 

♦  If  the  temperature  and  barometer  are  the  same  Defore  and  after  the  experi- 
ment no  correction  need*be  made,  excepting  that  caused  by  the  change  In  the  pressure 
on  the  enclosed  gas.  brought  about  by  the  differing  height  of  the  column  of  mercury 
in  the  eudiometer,  the  latter  must  be  carefully  noted,  1st,  when  air  alone  is  in  the 
eudiometer,  2d,  when  hydrogen  has  been  admitted,  3d,  after  the  explosion.  As  the 
air  contains  an  unknown  amount  of  moisture,  saturate  it  with  water  by  admitting 
a  drop  of  water  above  the  mercury  in  the  eudiometer  and  therij  unless  temperature 
and  bar  ometric  pressure  are  different  after  the  experiment  than  they  were  before, 
there  w  ill  be  no  necessity  for  paying  attention  to  the  amount  of  water  present,  for 
the  gases  will  be  saturated  witn  water  before  and  after  the  experiment,  (see  page 
168). 

t  A  Bunsen  glass  aspirator  is  a  cheap  instrument  which  aspirates  air  by  using 
the  water  pressure  of  a  hydrant:  it  is  indispensable  for  laboratory  work,  and 
should  be  kept  in  the  desk,  ready  for  use.  It  is  attached  by  means  of  rubber  tubing 
and  its  mechanism  will  explain  itself  when  the  instrument  is  bandied.  A  more  ef- 
fective, but  also  more  expensive,  instrument,  is  a  Chapman  brass  aspirator,  this  can 
also  be  fastened  to  the  nydrant;  both  forms  of  aspirator  can  be  purchased  of  any 
instrument  dealer. 
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heat  gently,  and  ammonia  will  pass  off,  A  better  form  of  apparatus 
for  the  preparation  of  ammonia  is  shown  on  page  181,  Fig  35,  the  woulff 
drying  bottle  is  here  replaced  by  a  glass  tower  (a  so-called  Fresenius 
drying  tower),  at  the  bottom  opening  of  which  the  gas  enters,  at  the  top, 
after  traversing  the  intermediate  space,  filled  with  pieces  of  quick  lime, 
it  escapes.  These  drying  towers  are  very  convenient  for  laboratory  use 
and,  if  possible,  should  be  kept  on  hand.  Ammonia  cannot  he  dried  over 
calcium  chloride,  because  it  combines  with  that  substance;  it  is  self  evi- 
dent that  the  gas  cannot  be  dried  by  sulphuric  acid. 

49.  Eyperiments  with  ammonia: — The  combustion  of  ammonia  can  be 
shown  by  filling  a  large  test  tube  with  oxygen,  then  passing  in  some 
ammonia  gas,  so  as  to  partially  displace  the  oxygen,  and  then  quickly 
approaching  the  mouth  of  the  test  tube  to  a  gas  flame,  a  weak  explosion 
will  follow.*  Pass  some  of  the  ammonia,  which  was  generated  by  the 
experiment  mentioned  in  Note  48,  into  water,  and  with  the  solution  of 
ammonia  so  produced  perform  the  following  experiments: — Place  some 
ammonia  in  a  beaker  glass;  add  a  few  drops  of  blue  litmus  solution  and 
then  carefully  add  hydrochloric  acid  from  a  burette,  until  the  solution 
is  neutral,  (see  Note  30)  pour  the  liquid  in  the  beaker  into  an  evaporat- 
ing dish  and  evaporate  to  dryness  on  a  water  bath  (Note  21);  heat  a  lit- 
tle of  the  salt  which  separates,  on  a  piece  of  platinum  foil;  heat  some  of 
the  salt  with  slaked  lime  and  water  m  a  test  tube;  repeat  the  same  ex- 
periments, substituting  nitric  acid  and  sulphuric  acid  for  hydrocholoric 
acid. 

The  absorption  of  ammonia  by  charcoal  can  be  demonstrated  by  the 
apparatus  shown  by  Fig.  36.  This  is  a  test  tube  filled  with  dry  ammo- 
nia and  inverted  over  a  basin  of  mercury;  a  small  piece  of  charcoal, 
which  has  previously  been  glowed  out  in  a  Bunsen  burner,  is  introduced, 
and  the  test  tube  is  then  clamped  with  its  mouth  under  the  surface  of 
the  mercury;  the  ammonia  will  be  absorbed  and  the  mercury  will  rise 
in  the  tube. 

50.  The  soLunrLiTY  of  ammonia  in  water:  —  Use  the  same  appa- 
ratus which  you  employed  for  demonstrating  the  solubility  of  hydro- 
chloric acid  (Note  Fig.  19),  filling  the  flask  with  dry  ammonia  gas  by  dis- 
placement of  air. 

51.  Ammonium  amat^gam: — In  a  narrow  cylinder  of  225  c.  c.  capacity 
place  20  grams  of  ammonium  chloride,  add  enough  water  so  as  to  just 
cover  the  salt  and  then  pour  on  sodium  amalgam,  prepared  as  indicated 
in  the  foot  note  to  note  32,  the  ammonium  amalgam  will  begin  to  form 
at  once,  and  the  operation  can  be  hastened  by  gently  stirring  with  a 
glass  rod. 

52.  The  preparation  of  nitrous  oxide:— The  apparatus  which  it 
is  best  to  use  for  the  preparation  of  this  gas  is  shown  on  Page  192,  Fig  37. 
This  consists  of  a  retort  made  of  infusible  glass,  the  neck  of  which  is 
either  cut  ofl:',  or  widened  so  as  to  admit  of  a  single  bored  rubber  stopper 
and  a  deliverer  tube.  In  this  retort  place  10  to  15  grams  of  crystallized 
ammonium  nitrate  f  and  heat  to  a  temperature  just  sufficiently  high  to 
cause  a  regular  flow  of  the  gas;  collect  over  the  pneumatic  trough  by  dis- 
placement of  water.  Introduce  a  lighted  taper  into  a  jar  filled  with 
nitrous  oxide  and  see  whether  it  burns  or  supports  combustion;  repeat 
the  experiments  given  in  Notes  6  and  7,  using  nitrous  oxide  insteaa  of 
oxygen ;  inhale  a  little  of  the  gas. 

•  Take  care  to  wrap  a  towel  around  the  test  tube  before  bringing  its  mouth  to 
the  flame. 

+  Test  a  little  of  your  ammonium  nitrate  by  heating  in  a  test  tube  before  you 
proceed  to  the  decomposition  of  larger  quantities  of  the  salt! 
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53.  Pbeparation  of  nitric  oxide:— Use  the  apparatus  which  served 
for  the  preparation  of  hydrogen  (Fig  7,  note  12),  charge  the  flask  with 
20  grams  of  copper  shaymgs,  cover  with  water  and  slowly  add  ordinary 
nitric  acid,  waiting  for  the  reaction  to  begin  after  each  addition;  after 
all  the  brown  fumes  which  are  at  first  developed  have  disappeared, 
collect  the  gas  over  the  pneumatic  trough  by  aisplacement  of  water. 
The  generation  of  nitric  oxide  is  most  successful  at  ordinary  tempera- 
tures, the  amount  of  nitric  oxide  given  oif  by  the  copper  and  nitric  acid 
diminishes  as  the  temperature  increases,  while  the  amount  of  trioxide 
and  peroxide  increases. 

54.  Experiments  with  nitric  oxide: — Take  one  of  the  bottles 
which  you  have  filled  with  nitric  oxide  and  turn  it  mouth  upward,  the 
brown  fumes  of  the  higher  oxides  of  nitrogen  will  appear  where  con- 
tact with  the  air  takes  place;  repeat  the  experiments  illustrating 
combustion  which  you  performed  with  nitrous  oxide  and  with  oxygen 
and  satisfy  yourself  as  xo  whether  nitric  oxide  supports  combustion  as 
readily  as  either  of  those  two  gases;  place  a  few  drops  of  carbon 
bisulphide  in  one  of  your  bottles  or  nitric  oxide,  after  you  have  removed 
it  from  the  pneumatic  trough  and  covered  its  mouth  with  a  piece  of 
glass  plate,  taking  care  not  to  admit  any  more  air  than  is  absolutely 
necessary  while  pouring  in  the  carbon  bisulphide;  now,  shake  the  bottle 
back  ana  forth  three  or  four  times,  keeping  it  closed,  carefully  allow 
the  excess  of  carbon  bisulphide  to  leak  out  at  the  place  where  you 
hold  the  glass  cover  on  the  bottle,  and  then,  while  quickly  removing 
the  cover,  approach  the  mouth  of  the  bottle  to  a  gas  name.  (Pages  191 
and  192). 

55.  Preparation  of  nitrogen  peroxide  from  nitric  oxide: — The 
apparatus  is  shown  by  Fig  38,  Page  195.  Fill  a  glass  tube,  of  500  c.  c. 
capacity,  tubulated  at  one  side  and  having  a  u)ng  neck,  with  nitric 
oxide,  invert  the  flask  over  a  basin  of  water  so  that  its  mouth  is  under 
the  liquid,  connect  the  tube  which  is  fitted  to  the  side  tubulure  with  an 
oxygen  gasometer  (Note  14,)  and,  by  opening  the  wire  pinch  cock  which 
closes  the  rubber  tube,  admit  a  little  oxygen.  Brown  fumes  of  nitrogen 
peroxide  will  at  once  appear;  the  latter  gas  is,  however,  rapidly 
absorbed  by  the  water  in  the  neck  of  the  flask,  the  following  reaction 
taking  place: — 

3  NO2  +  Ha  O  =  2  HNOs  +  NO;  (see  Page  193). 

After  the  gas  in  the  glass  globe  has  become  colorless,  owing  to  the 
disappearance  of  the  peroxide  and  the  regeneration  of  a  portion  of  the 
nitric  oxide,  add  a  little  more  oxygen,  wait  for  the  absorption  of  the 
brown  fumes  again  and  repeat  the  experiment  until  all  of  the  nitric 
oxide  has  been  used  up,  the  water  from  the  trough  will  then  have  com- 
pletely filled  the  globe*. 

The  preparation  of  nitrogen  peroxide  by  heating  lead  nitrate: — The 
apparatus  is  the  same  as  that  used  for  the  preparation  of  oxygen  by 
heating  mecuric  oxide  (Note  1,  Fig  1,)  excepting  that  the  gas  must  be 
collected  by  displacement  of  air,  and  not  over  water.  Ful  the  hard 
glass  tube  J  full  of  a  mixture  of  equal  parts  of  sand  and  lead  nitrate, 
(the  latter  ground  fine  in  a  mortar),  pound  the  side  of  the  tube  sharply 
on  the  desk  so  as  to  form  a  canal  for  the  escape  of  the  gas  (Note  3)  and 
heat  in  the  combustion  furnace,  taking  care  to  decompose  the  lead 
nitrate  at  the  rear  end  of  the  tube  first,  and  when  this  has  yielded  all 

»--       '     ^       --— -i^.  .»        ■        -■  ■■■■■■       ■■■.■■  ■■■  ^^—^^  ■■-■■—       ■  ■■       ■  ■■■ 

*Of  course,  if  a  globe  which  is  tubulated  is  not  at  hand,  an  ordinary  flask  can 
be  used,  the  oxygen  can  then  be  run  in  under  the  water  by  using  a  bent  delivery 
tube. 
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of  the  gas  which  it  is  capable  of  doing,  advancing  the  flame  gradually 
toward  the  mouth  of  the  tube.  By  i)as8ing  the  nitrogen  peroxide 
through  the  apparatus  used  in  condensing  sulphur  dioxide  (jfote  43, 
Fig  30),  itcan  be  obtained  as  a  straw  colored  liquid;  nitrogen  trioxide 
can  be  liquified  by  the  same  means,  the  fluid  is  indigo  blue  in  color; 
prepare  the  trioxide  by  heating  a  mixture  of  ordinary  nitric  acid  and 
a  little  arsenious  oxide  *  in  the  apparatus  which  you  used  for  the  pre- 
paration of  sulphur  dioxide,  after  removing  the  wash  bottle  ana  re- 
placing the  latter  by  the  gas  condensing  apparatus!,  which  is  well  cooled 
by  means  of  pounded  ice  and  salt. 

66.  The  preparation  of  nitric  anhydride: — The  preparation  of 
this  substance  is  not  infreqiiently  attended  with  danger,  the  reaction 
leading  to  its  formation  is  therefore  scarcely  to  be  attempted  either  in 
the  laboratory  or  in  the  lecture  room.  Place  concentrated 'nitric  acid  in 
a  tubulated  retort  of  about  600  c.  c.  capacity,  and  then  gradually  add 
phosphoric  anhydride  until  the  mixture  oi  that  solid  mth  the  nitric 
acid  has  formea  a  jelly-like  mass,  cool  the  retort  during  this  operation 
80  that  the  temperature  never  exceeds  0°,  now  heat  very  gently  on  the 
water  bath,  never  allowing  the  temperature  to  exceed  60°,  distill  the 
liquid  which  passes  off  into  a  receiver,  (arranged  as  in  the  preparation 
or  bromine,  Fig  22),  which  is  kept  cool  by  means  of  ice  and  salt;  the 
nitric  anhydride  will  then  solidfy.  Do  not  keep  nitric  anhydride  for  any 
length  of  time! 

67.  The  preparation  of  nitric  acid: — By  passing  electric  sparks 
through  moist  air.  Take  a  eudiometer  tube  (Fig  13,  Note  20)  stopper  it 
with  a  rubber  stopper,  connect  its  platinum  wires  with  a  battery  and 
induction  coil  and  allow  electric  sparks  to  nass  through  for  about  an 
hour,  the  tube  will  then  be  seen  to  be  fillea  with  brown  fumes  if  it  is 
held  against  a  white  backOTound,  and  a  little  blue  litmus  solution 
introduced  into  the  tube  willbe  turned  red.t 

68.  The  same:— £y  heating  sodium  nitrate  and  sulphuric  acid.  The 
apparatus  to  be  used  is  shown  by  Fig  39,  Pa^e  197.  It  is  identical  with 
that  employed  for  the  preparation  of  bromine  (Fig  22)  excepting  that 
a  drop  funnel  is  fitted  into  the  tubulure  of  the  retort  by  means  of  a 
rubber  stopper.!  In  the  retort  place  60  grams  of  potassium  nitrate, 
make  all  connections  and  then  acid  50  grams  of  concentrated  sulphuric 
acid  through  the  drop  funnel,  warm  gently  until  drops  of  liquid  begin 
to  pass  over  and  then  endeavor  to  keep  the  retort  at  about  the  tempera- 
ture of  distillation.  After  a  time  a  crystalline  remainder  will  form  in 
the  flask,  wash  this  out,  evaporate  in  an  open  dish  and  investigate 
the  nature  of  the  crystals  by  neating  in  a  test  tube,  if  they  consist  of 
the  primary  sulphate  they  will  separate  sulphuric  acid  on  heating: 
repeat  the  experiment,  using  25  grams  of  sulphuric  acid  to  50  grams  of 
potassium  nitrate,  heat  untu  no  more  nitric  acid  passes  off  and  then, 
after  cooling  and  recrystallizing  the  remailider,  test  as  you  did  the 
primary  sulphate  (the  secondary  sulphate  will  not  liberate  sulphuric 
acid  on  heating  in  a  test  tube). 

.i-r  I  ,  _     _  I  - 

*  If  you  have  none  but  powdered  arsenic  trioxide  be  very  careful  to  add  it  very 

?:radually  to  the  nitric  acid,  and  heat  very  gently,  the  reduction  of  the  nitric  acia 
s  apt  to  become  quite  violent;  if  the  porcelain-lilce  variety  of  arsenious  oxide  is^at 
hand,  it  is  much  better  to  use  the  latter  form. 

t  Be  careful  to  have  the  blue  litmus  solution  as  nearly  neutral  as  possible  and 
be  sure  to  add  no  more  than  one  or  two  drops. 

t  Nitric  acid  attacks  rubber;  it  is  therefore  essential  to  have  some  high  meUino 

Sarafflne  in  the  laboratory,  melt  a  little  of  this  and  coat  the  rubber  stopper  by 
ippinK  it  into  the  liquid,  unless  the  temperature  of  any  reaction  becomes  hI«L 
enough  to  melt  the  parafflne,  the  latter  will  afford  a  perfect  protection  of  the 
rubber. 
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69.  Experiments  with  nitric  acid: — Make  a  solution  of  indigo  by 
•dissolving  a  little  indigo  in  concentrated  sulphuric  acid,  warming 
slightly  and  then  diluting  with  water;  to  this  solution  add  nitric  acid 
until  it  is  bleached;  take  a  piece  of  w^ite  silk  ribbon  and  dip  it  into 
"tolerably  concentrated  nitric  acid,  wash  with  clean  water  and  put  aside, 
-after  a  time  examine  its  color  and  texture.  Prepare  fuming  nitric  acid  by 
placing  100  grams  of  ordinary  nitric  acid  in  the  apparatus  used  for  pre- 
paring bromine  (Fig  22)  slowly  adding  50  grams  of  concentrated  sul- 
phuric acid  through  the  drop  funnel  (Fig  39)  and  gently  distilling;  by 
this  means  the  nitric  acid  is  deprived  of  nearly  all  water  with  which  it 
was  mixed;  now,  clean  the  retort,  put  the  diatillate  back  into  it  and  then 
add  a  few  pieces  of  starch,  connect  the  apparatus  and  slowly  distill 
again,  the  starch  will  generate  lower  oxides  of  nitrogen  (Ng  O,  and  NOg^ 
vniile  it  is  itself  being  oxidized,  and  these  lower  oxides  will  be  disolved 
by  the  nitric  acid  in  the  receiver;  fuming  nitric  acid  is  therefore  nitric 
acid  which  contains  lower  oxides  of  nitrog;en  (see  Page  196,  paragraph 
2).  Place  some  of  the  fuming  nitric  acid  m  a  test  tube,  as  is  shown  by 
Fig  40,  place  the  test  tube  inside  of  a  beaker,  in  order  to  render  an 
accidental  cracking  harmless,  warm  the  nitric  acid  slightly  and  then 
•drop  a  red  hot  piece  of  charcoal,  which  is  cut  the  size  of  a  pea,  into  the 
acid;  (perform  this  experiment  under  the  hoodi).  Try  the  solubility  of 
various  metals,  (iron,  zinc,  copper,  platinum,)  in  nitric  acid,  and  note 
the  gases  which  pass  off.  Take  some  pieces  of  zinc  and  dissolve  them  in 
very  dilute,  colcf  nitric  acid;  evaporate  the  remainder  to  dryness  and 
then  see  if  you  can  discover  the  presence  of  an  ammonium  salt  f Note 
49),  do  the  sJame  with  a  piece  of  magnesiiim,  (Page  189,  paragrapn  2). 
Prepare  aqua  regia  by  mixing  one  part  of  nitric  acid  with  three  parts  of 
hydrochloric  acid,  allow  to  stand  and  notice  if  the  odor  of  chlorine  is 
perceptible;  dissolve  a  small  piece  of  platinum  in  aqua  regia.  Heat  a 
solution  of  ferrous  sulphate  with  nitric  acid,  add  a  solution  of  potas- 
sium hydroxide  before  tne  addition,  note  the  appearance  of*  the  precipi- 
tate; add  the  same  solution  after  the  heating  and  note  the  appearance 
of  the  precipitate.  {Ferrous  hydroxide  is  precipicated  in  the  first  case, 
Jerric  hydroxide  in  the  second;  nitric  acid  oxidizes  (m^  compounds  to  ie 
compounds,  [prove  this  also  by  adding  the  acid  to  a  solution  of  sulphur 
dioxide  in  water.]) 

The  decomposition  of  the  nitrates: — The  decomposition  of  the 
nitrate  of  a  heavy  metal  was  illustrated  in  Note  55.  The  nitrates  of  the 
alkalis  decompose  into  the  nitrite  and  oxygen  when  heated.  Take  some 
potassium  nitrate,  place  in  a  hard  glass  test  tube  and  heat  for  some  time 
to  a  bright  red  heat;  bubbles  of  oxygen  will  pass  off.  Allow  the  test 
tube  to  coqI,  dissolve  the  remainder  in  water,  add  a  little  iodide  of 
potassium  solution  mixed  with  starch  paste  (Note  22),  and  then  a  drop 
of  sulphuric  acid,  iodine  will  at  once  be  liberated.  Do  the  same  with 
some  pure  potassium  nitrate  dissolved  in  water  and  note  the  difference. 
[Nitrous  acid  at  once  liberates  iodine  from  iodide  of  potassium  because 
it  is  a  very  quick  oxidizer,  just  as  ozone  and  hydrogen  peroxide  are 
[page  50] ;  nitric  acid  liberates  iodine  only  after  a  considerable  interval 
or  time). 

60.  The  preparation  of  red  phosphorus: — Take  a  piece  of  hard 
^lass  tubing,  seal  one  end,  place  a  piece  of  i)hosphoru8  the  size  of  a  pea 
into  the  tube  and  seal  the  other  end  by  heating  in  a  glass-blower's  flame 
and  allowing  the  sides  to  fall  together,"*  place  the  tube   upright  in  an 

*SabstaDces  frequently  must  be  heated  In  sealed  tubes.  The  end  which  is 
closed  before  filling  the  tube  should  be  round,  like  the  bottom  of  a  test  tube,  and  as 
thick  as  the  walls  of  the  glass  tube.    After  the  substance  to  be  heated  is  added,  the 
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iron  crucible  of  its  own  length  and  then  fill  the  crucible  with  sand^ 
Heat  by  means  of  a  ti'iple  burner.    By  this  method  the  glass  tube  will 
be  hot  below  and  tolerably  cool  above.    At  some  point  in  its  length  the 
proper  temperature  of  300°  will  be  reached;  red  phosphorus  will  deposit 
at  that  place.    (Be  sure  to  perform  this  experiment  under  a  hood  so- 
that  if  the  tube  should  explode  the  flying  glass  can  do  no,  damage.) 
Never  handle  the  glass  tube  unless  it  is  cold.     Open  the  tube  by  wrappmg 
a  towel  around  it  and  exposing  the  tip  of  the  long,  sealed  end  to  the 
flame;  after  a  little  air  nas  been  adinitted  in  this  way,  you  can  break 
open  the  tube.    Never  attempt  to  break  open  a  sealed  glass  tube  unless- 
you  have  taken  this  precaution. 

The  low  kindling  temperature  of  ordinary  phosphorus  can  be  shown  by 
dissolving  a  little  in  carbon  bisulphide  and  then  pouring  a  few  drops  of 
this  solution  on  a  piece  of  filter  paper.  After  the  carbon  bisulphide 
has  evaporated,  the  finely  divided  phosphorus  which  remains  on  the 
filter  paper  will  take  fire  spontaneously.  (Throw  the  solution  of  phos- 
phorus in  carbon  bisulphide  down  the  sink  as  soon  as  you  are  through 
with  it  and  then  wash  the  test  tube.  Be  careful  while  handling  phos- 
phorus.) 

61.  The  preparation  of  phosphine: — The  apparatus  is  shown  by 
Fig.  41.  The  small  generating  flask  (100  c.c)  is  titted  with  a  double 
bored  rubber  stopper,  a  delivery  tube  b  and  a  tube  a  which  connects 
with  a  hydrogen  generator.  In  the  generating  flask  place  a  solution  of 
20  erams  of  potassium  hydroxide  in  40  c.c.  of  water  and  two  pieces  of 
yellow  phosphorus  as  large  as  a  bean;  now  pass  a  current  of  hydrogen 
through  the  flask  until  all  of  the  air  is  expelled  and  then  heat  the  gen- 
erating flask  in  a  sand  bath.*  Phosphine  will  pass  ofl:  and  will  take  fire- 
spontaneously  when  it  reaches  the  air;  demonstrate  this  by  placing  the 
end  of  your  cfelivery  tube  under  water  before  beginning  the  experiment; 
the  individual  bubbles  will  then  rise  to  the  surface  and  burn.  A  simpler 
and  better  way  of  preparing  phosphine  is  to  place  a  piece  of  calcium  phos- 
phide in  a  basin  of  dilute  hydrochloric  acid;  bubbles  of  phosphine  will 
at  once  pass  ofl:  and  take  fire  spontaneously.  The  gas  can  be  collected 
in  a  test  tube  filled  with  water  and  inverted  over  tne  piece  of  calcium 
phosphide.  Phosphine  which  is  not  spontaneously  combustible  can  be 
prepared  by  passing  the  gas,  generated  by  either  of  the  above  methods,, 
through  the  apparatus  used  to  condense  sulphur  dioxide  (note  43);  the 
liquid  phosphine  which  is  spontaneously  combustible  will  then  be .  con- 
densed, while  the  gaseous  pnosphine  will  pass  on. 

62.  The  preparation  of  phosphorus  pentoxide: — Place  a  piece  of 
phosphorus  on  a  porcelain  plate,  ignite  it  and  cover  with  a  glass  bell; 

ghosphorus  will  collect  on  the  walls  of  the  latter  and  on  the  plate, 
issolve  some  of  the  pentoxide  in  water  and  test.the  solution  with  blue 
litmus;  expose  some  of  the  pentoxide  to  the  air;  to  the  solution  of 
phosphoric  anhydride  add  silver  nitrate;  boil  another  portion  of  the 
solution  for  some  time,  nearly  neutralize  with  ammonia  and  then  add 
silver  nitrate.  Take  some  secondary  sodium  phosphate  (ordinary 
sodium  phosphate)  and  heat  a  little  of  the  salt  in  a  hard  glass  test  tube 
until  water  of  crystallization  is  driven  oft';  now  heat  more  strongly 
(formation  of  pyrophosphate).  To  a  solution  of  secondary  sodium 
phosphate  add  a  solution  of  calcium  chloride  and  then  perform  the 
experiments  suggested  by  the  text  on  page  220.    Take  a  little  sodium- 

''■■''<" 

other  end  of  the  tube  is  sealed  to  a  long  point,  not  by  heating  the  glass  and  drawing' 
out,  but  by  heating  and  allowing  the  sides  to  fall  together,  so  that  the  sealed  point 
is  as  thick  as  the  rest  of  the  tube.    This  operation  requires  considerable  practice. 
*  A  shallow  iron  dish  containing  sand. 
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ammonitim  hydrogen  phosphate  and  heat  in  a  hard  glass  test  tube 
(notice  the  odorl);  finally  heat  until  the  substance  forms  a  transparent 
glass;  place  some  of  this  transparent  glass  on  the  end  of  a  platinum 
wire  and  heat  with  a  little  cobalt  nitrate,  manganese  chloridei  ferric 
chloride:  using  a  fresh  drop  of  fused  sodium  metaphosphate  and  a 
clean  wire  for  each  one  of  the  salts. 

Phosphorus  trichloride,  when  dissolved  in  water  produces  phosphorous 
acid.  Place  a  few  drops  of  phosphorus  trichloride  in  a  test  tube,  add 
water  and  notice  how  the  oily  liquid  dissolves;  test  the  solution  by 
means  of  blue  litmus  paper;  evaporate  the  solution  to  dryness  on  a 
water  bath  until  all  of  tne  hydrochloric  acid  has  passed  on,  and  then 
add  an  alcoholic  solution  of  iodine  (page  216,  paragraph  2,  c). 

Phosphorus  pentachloride ,  when  aissolved  m  water  produces  phoS' 
phoric  acid,  take  a  little  of  the  pentachloride  on  a  spatula  and  add  it  to 
water  in  a  test  tube.  The  reaction  will  take  place  at  once,  with  a  hissing 
noise;  the  solution  of  phosphoric  acid  will  not  reduce  iodine  to  hydro- 
iodic  acid  as  the  solution  of  phosphorous  acid  does. 

63.  Marshes  test  foe  arsenic: — The  accurate  details  of  this  method 
belong  in  works  especially  devoted  to  analytic  chemistry.  Take  your 
hydrogen  generating  flask,  (note  12,  Fig.  7)  attach  a  U  shaped  drying 
tube  (Fig.  14)  to  this  and  connect  the  latter  by  means  of  a  piece  of  rub- 
ber tube  (which  is  cut  as  short  as  possible)  with  a  hard  glass  tube  which 
has  been  drawn  to  a  point  and  which  is  constricted  at  two  places  by 
being  drawn  out  in  the  flame  of  a  blast  lamp. 

Fill  the  U  shaped  tube  one-half  with  small  pieces  of  potassium 
hydroxide  for  the  purpose  of  removing  acids  from  the  gases  which  pass 
through  and  one-naif  with  granulated  calcium  chloride,  attach  the 
U  tube  with  the  potassium  hydroxide  side  toward  the  generating  flask. 

Place  20  grams  of  pure  zinc  in  your  generating  flask,  add  dilute 
sulphuric  acid  and  allow  a  brisk  current  ot  hydrogen  to  traverse  the 
apparatus,  when  all  is  safe;  ignite  the  jet  at  the  drawn  out  point  of  the 
hard  tube,  place  a  cold  porcelain  plate  in  the  flame  and  see  if  the  latter 
leaves  a  spot.  Now  add  a  solution  of  arsenic  trioxide  in  hydrochloric 
acid  to  the  generating  flask  through  the  thistle  tube,  in  a  few  minutes 
arsine  will  be  developed  and  the  hydrogen  flame  will  assume  a  violet 
color,  with  a  white  smoke;  now  heat  the  hard  glass  tube  at  a  point  iust 
before  one  of  the  constrictions,  amorphous  arsenic  will  be  deposited  on 
the  cold  portions  of  the  tube  in  the  torm  of  a  mirror;  this  mirror  is  vola- 
tile and  can  be  driven  from  place  to  place  along  the  tube  by  heating  it  with  a 
Bunsen  burner;  hold  a  cold  porcelam  plate  in  the  flame  at  the  tip  of  the 
hard  glass  tube,  this  will  cool  the  escaping  gases  to  a  point  below  the 
kindlmg  temperature  of  arsenic,  the  latter  element  will  therefore  be 
deposited  on  the  plate  as  a  black  spot.  This  spot,  when  touched  with  a 
drop  of  sodium  hypochlorite  solution  on  the  end  of  a  glass  rod,  will  be 
instantly  dissolved  (3  Na  O  CI  +  2  As  =  A82  Og  +  3  Na  CI);  when  touched 
with  nitric  acid  it  is  dissolved,  owing  to  oxidation  and  solution  of  the 
arsenious  oxide  formed.  Arsine,  when  passed  into  a  solution  of  silver 
nitrate,  precipitates  metallic  silver  and  forms  arsenic  trioxide.  This 
reaction  can  be  obtained  by  extinguishing  the  flame  at  the  tip  of  the 
hard  glass  tube  and  passing  the  mixture  ot*  gases  which  are  being  gener- 
ated into  a  test  tube  containing  silver  nitrate  solution,  black,  metallic 
silver  will  be  precipitated;  filter  this  ott'  and  add  ammonia  to  the  clear 
filtrate,  until  neutral,  yellow  arsenite  of  silver  will  be  precipitated.  If 
the  gas  which  is  passing  from  the  generator  is  stihine  and  not  arsine  the 
mirror  spots  on  the  tube  will  have  a  greyish  and  more  metallic  appear- 
ance, will  form  nearer  to  the  flame  and  will  be  very  nearly  not-volatile. 
The  spot  on  the  porcelain  mirror  will  not  disappear  on  addition  of 
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sodium  hypochlorite,  it  will  turn  white  on  addition  of  nitric  acid,  because 
the  oxide  of  antimony  is  insoluble  in  that  substance;  if  stibine  is  passed 
into  a  solution  of  silver  nitra'e,  black  silver  antimonide,  Sb  Ag,  is  preci- 
pitated, if  this  precipitate  is  treated  with  tartaric  acid,  then  the  antimony 
will  be  dissolved  and  its  presence  can  subsequently  be  readily  proved, 
by  precipitating;  antimony  sulphide  by  means  of  sulphuretted  hyclrogen. 
For  further  directions  consult  some  work  oil  analytical  chemistry.    (See 

gage  227).    (All  work  with  arsine  or  stibine  must  be  done  under  the 
oodi) 

64.  A  QUICK  METHOD  FOR  DETECTING  ABSENic: — Draw  a  piccc  of  hard 
^lass  tube  to  a  point  as  is  shown  in  Fig.  42,  place  a  little  arsenious  oxide 
or  a  small  particle  of  the  substance  which  vou  suspect  to  be  arsenious 
oxide  in  the  tip,  above  this  place  a  small  piece  of  charcoal,  heat  the 
tube  at  the  spot  where  the  coal  has  lodged  until  the  latter  is  red  hot  and 
then,  gradually,  draw  the  tube  through  the  flame  until  the  arsenic  triox- 
ide  is  heated,  the  latter  will  sublime  and  will,  in  passing  over  the  hot 
charcoal,  be  reduced  to  metallic  arsenic,  the  latter  forming  a  mirror 
similar  to  that  observed  in  Marsh's  test. 

The  experiments  which  can  be  performed  with  the  oxides  and  sul- 
phides of  arsenic  will  suggest  themselves  during  the  study  of  chapters 
52  and  33. 

65.  Stibij^e:— The  preparatio^  of  stibine  is  exactly  like  that  of 
arsine  so  that  the  pupil  can  follow  the  directions  given  in  note  63, 
excepting  that  he  must  substitute  a  hydrochloric  acid  solution  of  anti- 
mony trioxide  for  that  of  arsenious  oxide.  The  distinctions  existing 
between  the  spot  produced  on  a  cold  plate  by  burning  arsine  ana  that 
produced  by  stibine  are  given  in  the  last  part  of  note  63,  the  experi- 
ments showing  such  distinction  should  be  followed  out.  As  antimony 
and  arsenic  are  el eliients  which  are  commonly  niet  with  in  analytical 
work  and  as  their  reactions  are-  fully  described  in  all  of  the  direc- 
tions for  qualitative  analysis  wliich  are  published,  it -is  scarcely  neces- 
sary to  enter  into  st  more  detailed  discussioa  of  experiments  to  be 
performed  with  antimony  at  this  place.  By  following  the  text  the 
teacher  can  easily  select  expertitnents  which  need  no  detailed  descrip- 
tion (pages  242,  343  and  Chapter  35).  The  same  is  true  as  regards 
bismuth. 

Q6.  Destructive  distilXiAtion  of  coal  and  wood: — Unless  a  labora- 
tory is  especially  well  appointed  and  unless  the  pupil  has  plenty  of  time 
at  his  disposal,  it  will  not  be  possible  to  carry  out  the  dry  distillation  of 
bituminous  coal  or  of  wood,  when  such  work  is  attempted  it  belongs, 
more  properly,  into  a  course  on  organic  chemistry.  The  pupil  should, 
however,  place  a  small  piece  of  wood  in  a  hard  glass  test  tube  and  heat, 
endeavoring  as  much  as  possible,  to  ascertain  the  nature  of  the  products 
evolved;  he  should  also  see  if  the  gases  which  pass  off  will  burn.  The 
same  experiments  should  be  performed  with  a  piece  of  bituminous  coal. 

67.  The  absorption  of  coloring  matter  by  charcoal: — Prepare  a 
solution  of  indigo  (note  59),  place  in  a  300  c.  c.  flask  and  warm,  after 
adding  two  tablespoon fuls  of  animal  charcoal;*  filter  and  if  the  solution 
is  not  colorless,  repeat  the  operation.  Do  the  same  with  a  solution  of 
iodine  in  iodide  of  potassium.  The  absorption  of  gases  by  charcoal  was 
given  in  note  49. 

69.  The  flame: — The  fact  that  the  center  of  a  flame  is  cold,  while 
the  outer  zone  is  hot  can  be  demonstrated  by  turning  the  flame  of  a 
Bunsen  burner  down,  shutting  ofl:'  the  air  suppjly  so  that  the  flame 
becomes  luminous  and  then  quickly  placing  a  sheet  of  filter  paper 

•Animal  charcoal  can  be  obtained  at  any  Chemical  supply  house. 
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upon  it,  ,80  that  about  one-half  of  the  flame  is  below  the  surface  of  the 
paper  (Fig.  43);  as- soon  as  the  brown,  burnt  circle  appears  on  the  upper 
side  of  the  paper,  withdraw  the  latter  quickly.  A  more  striking  illus- 
tration of  this  can  be  brought  about  by  the  apparatus  shown  by  Fig..  46, 
page  273.  This  consists  of  an  ordinary  argand  lamp-chimney  which  is 
closed  at  the  bottom  by  a  cork,  through  a  nole  in  the  center  of  which  a 
glass  tube  admits  illuminating  gas.  The  upper  part  of  the  chimney  i» 
covered  with  a  wire  gauze;  a  Tittle  gun-powder  is  placed  in  the  center 
of  this  gauze  and  then  the  gas  is  turned  on,  the  jet  afterward  being 
lighted  by  bringing  a  lighted  taper  toward  the  chimney  from  above 
dovmward.  The  gunpowder  will  then  be  surrounded  by  a  circle  of  flame,, 
but  will  not  explode. 

Diluting  illuminating  gas  7vith  a  non-combustible  gas  renders  the  flame  not- 
luminous.  Arrange  an  apparatus  as  is  shown  by  Fig.  44.  Attach  one 
arm  of  the  T-shaped  glass  tube  to  a  tap  of  illuminating  gas  and  attach 
the  other  to  an  apparatus  generating  dry  carbon  dioxide;  the  remain- 
ing arm  of  the  T  tube  is  fitted  with  a  brass  pipe  whi^h  can  be  heated 
by  a  Bunsen  burner.  Turn  oft*  the  supply  ot  carbon  dioxide  by  the 
pinch  cock,  turn  on  the  gas  and  light  the  burner,  the  flame  will  of 
course  be  luminous.  Now,  turn  on  the  carbon  dioxide  so  that  the 
latter  gas  mingles  with  and  dilutes  the  illuminating  gas;  the  flame  will 
at  once  become  larger  and  not-luminous.  However,  if  the  brass  exit  tube 
which  serves  as  a  burner  is  heated  to  a  point  at  which  the  decom- 
position of  ethylene  into  methane  and  carbon  takes  place,  the  flame 
will  once  more  be  rendered  luminous,  although  still  diluted  by  carbon 
dioxide. 

A  flame  can  be  extinguished  by  cooling  below  the  kindling  temperature: — 
Light  a  Bunsen  burner  and  then  j)lace  a  piece  of  copper  wire  gauze 
upon  the  flame  so  that  the  latter  will  about  be  bisectea;  the  flame  will 
continue  to  burn  beneath  the  gauze,  but  above  the  latter,  because  the 
wire  conducts  tlie  heat  away  too  rapidly,  no  flame  will  be  seen.  The 
reverse  of  this  experiment  (Fig.  45)  is  shown  by  placing  the  gauze  above 
an  unlighted  burner,  turning  on  the  gas  and  then  lighting  above  the 
gauze;  the  flame  will  then  not  form  below. 

To  show  that  oxygen  will  burn  in  illuminating  gas:  —  Construct  an 
apparatus  as  shown  by  Fig.  47.  The  tube  B  is  connected  with  an  illum- 
inating gas  tap,  the  gas  turned  on  and  allowed  to  run  until  all  air  is 
expelled  from  the  glass  bulb;  now  light  the  gas  at  the  top,  the  double 
bored  stopper  containing  tubes  A  and  C  being  removed  for  the  purpose. 
Attach  ^4  to  a  gasometer  which  will  furnish  oxygen,  turn  on  a  slow 
stream  of  that  gas  and  then  bring  the  stopper  which  holds  A  and  C  back 
into  position.  As  the  current  of  oxygen  comes  in  contact  with  the 
burning  gas  escaping  from  the  bulb  it  will  be  ignited  and  will  continue 
to  burn  in  the  illuminating  gas. 

70.  The  preparation  of  carbon  monoxide  by  passing  steam  over 
RED  HOT  charcoal:— Take  an  iron  gas  pipe  700'»'«  in  length;  attach 
one  end  of  it,  by  means  of  a  rubber  stopper,  to  a  flaisk  of  300"^  capacity 
which  is  so  arranged  on  a  retort  stand  that  you  can  boil  water  in  it  and 
that  the  steam  m,ust  pass  through  the  iron  tube.  Connect  the  other  end 
of  this  iron  tube  with  a  safety  bottle  (Note  1)  and  put  a  delivery  tube, 
bent  so  that  it  will  open  under  the  water  in*  your  pneumatic  trough, 
into  the  latter;  place  the  iron  tube  into  a  combustion  furnace  (Fig.  1, 
note  1),  having  previously  filled  the  tube  with  pieces  of  charcoal  which 
are  broken  to  the  size  of  a  pea,  heat  to  a  red  heat  and  then  pass  steam 
over  the  charcoal.  After  all  of  the  air  has  been  expelleci  from  the 
apparatus  by  means  of  the  current  of  steam,  collect  the  escaping  gas 
over  the  pneumatic  trough  by  displacement  of  water.    This  gas  will  be 
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carbon  monoxide,  as  can  be  proven  by  inverting  one  of  the  cylinders 
filled  with  it  and  touching  a  lighted  taper  to  the  mouth  * 

71.  The  preparation  of  carbon  monoxide  from  oxalic  acid: — ^The 
apparatus  is  the  same  as  that  used  for  nitrous  oxide  (Note  52,  Fig.  37). 
In  the  retort  place  10  grams  of  crystallized  oxalic  acia,  add  60  grams  of 
concentrated  sulphuric  acid  and  heat  until  a  regular  evolution  of  gas 
takes  place;  pass  this  gas  through  a  wash  bottle  (Fig.  8)  containing  a 
solution  of  potassium  hydroxide  (one  part  potassium  hydroxide  to  two 
partb  of' water)  before  you  collect  over  the  pneumatic  trough.  Bv 
means  of  this  wash  bottle  the  carbon  dioxide,  which  is  generated  simul- 
taneously with  the  carbon  monoxide,  is  absorbed  (it  forms  potassium 
carbonate)  while  pure  carbon  monoxide  is  collected;  the  latter  gas  will 
burn  with  a  pale  blue  flame. 

72.  The  preparation  of  carbon  dioxide: — The  apparatus  is  the 
same  as  that  used  for  the  preparation  of  hydrogen  or  or  hydrogen  sul- 
phide (Fig.  7,  note  12).  Charge  the  generating  flask  with  20  grams  of 
marble  which  has  been  broken  to  the  size  of  a  hickory  nut,  pour  on 
100«^  of  hydrochloric  acid,  which  you  have  diluted  with  an  equal 
amount  of  water,  and  pass  the  gas  which  is  generated  through  a  wash 
bottle  containing  water  (if  dry  carbon  dioxide  is  required,  pass  the  gas 
through  a  second  bottle  containing  sulphuric  acid);  collect  the  carbon 
dioxide  by  displacement  of  the  air  as  you  did  chlorine  and  hydrobromic 
acid. 

Take  a  number  of  other  carbonates  (sodium  carbonate,  potassium  car- 
bonate, barium  carbonate,  etc.),  place  a  little  of  each  in  test  tubes  and 
add  hydrochloric  acid  to  each  test  tube;  ascertain  if  carbon  dioxide  is 
given  ott'. 

73.  Experiments  with  carbon  dioxide:— Fill  5  or  6  cylinders  with 
carbon  dioxide.    Construct  an  apparatus  such  as  is  shown  by  Fig  48:  a 
number  of  small  candles  are  placed  on  wires  which  are  attached  in  an 
upright  position  to  a  larger  wu*e  which  is  bent  in  the  form  of  a  flight  of 
steps;  light  all  of  the  candles^  place  them  in  a  beaker  glass  and  pass 
carbon  dioxide  into  the  latter  by  means  of   a  tube  extending  to  the 
bottom;  the  lights  will  be  extinguished  successively  from  below  uptvard, 
this  experiment  will  also  demonstrate  the  fact  that  carbon  dioxide 
neither  burns  nor  supports  combustion.    Pass  some  carbon  dioxide  from 
your  generator  into  a  solution  of  barium  hydroxide  and  into  one  of 
calcium  hydroxide;  filter  the  precipitate  formed  in  each  case,  wash  them 
from  the  filter  papers  into  test  tubes  and  add  hydrochloric  acid,  prove 
that  carbon  dioxide  is  passing  off  by   holding  a  glass  rod  which  has 
been  dipped  into  lime  water  (a  solution  of  calcium  hydroxide)  just 
within  tne  mouths  of  the  test  tubes,  if  carbon  dioxide  is  being  generated, 
the  lime  water  will  become  turbid.    Pass  carbon  dioxide  into  a  concen- 
trated   solution    of   potassium    hydroxide    and    into    one    of   sodium 
hydroxide,  take  a  little  of  the  solutions  so  formed  and  add  hydroch- 
loric acid  to  them;. prove  that  carbon  dioxide  passes  oft*.    Pass  carbon 
dioxide  into  a  solution  of  lime  water  until  the  precipitate  which  at  tirsi 
forms  is  redissolved,  (formation  of  the  primary  carbonate)  and  then 
boil  the  solution;  add  hydrochloric  acid  to  the  solution  before  it  is 
boiled  and  to  the  precipitate  which  is  formed  by  boiling  and  see  if 
carbon  dioxide  is  given  ott'  in  each  case. 

*In  using  tbe  combustion  furnace  for  this  experiment,  take  care  that  the  iron 
tube  is  sufficiently  long  to  extend  some  little  distance  beyond  eit'her  end  of  the  fur- 
nace, otherwise  the  rubber  stoppers  will  become  too  hot  and  will  melt;  vou  should 
feel  of  the  stoppers  from  time  to  time  and  if  there  is  danger  of  their  fusing,  cool 
them  by  pouring  on  water  from  time  to  time. 
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74.  The  etching  of  glass  by  means  of  hydrofluoric  acid: — Take 
:a  shallow  lead  dish  3  inches  long,  2  inches  wide  and  1  inch  deep,  put 
About  10  grams  of  powdered  calcium  fluoride  into  this  and  cover  the 
fluoride  with  sulphuric  acid;  prepare  a  piece  of  window  glass  by  dip- 
ping the  same  with  melted  paramne,  *  allowing  the  latter  to  cool  and 
-etching  some  figures  by  scratching  away  the  paraffine  coatinjg  with  the 
point  of  a  knife,  place  this  prepared  glass  over  the  lead  dish  m  the  form 
of  a  cover,  put  the  whole  into  a  warm  place  under  the  hood  and  allow 
to  stand  for  6  or  8  hours,  the  glass  will  then  be  etched  where  the 
paraffine  was  scratched  away. 

Preparation  of  silicon  tetrafiuoride  and  of  fluoHlicic  acid: — Take  a 
flask  01  300  c.  c.  capacity,  put  into  this  50  grams  of  (juartz  sand  mixed 
with  50  grams  of  powdered  calcium  fluoriae;  fit  a  single  bored  rubber 
stopper  to  the  flasK,  and  in  this  rubber  stopper  place  a  glass  delivery 
tube  which  is  bent  with  two  right  angles;  the  end  of  this  delivery  tube 
will  then  point  downward;  to  this  end  attach  a  funnel  by  means  of  the 
stem,  in  such  a  manner  that  the  escaping  gas  must  pass  through  the 
funnel,  and  place  a  beaker  of  water  under  the  latter  so  that  its  rim  just 
touches  the  surface  of  the  water.  Pour  100  grams  of  concentrated 
sulphuric  acid  on  the  mixture  of  sand  and  calcium  fluoride  in  the 

fenerating  flask,  connect  the  apparatus  and  warm  gently;  silicon  tetra- 
uoride  will  pass  off  and  will  come  in  contact  with  the  water  in  the 
beaker,  by  this  means,  fluosilicic  acid  will  be  formed.  The  solution  of 
the  latter  will  be  filled  with  flakes  of  silicic  acid  so  that,  if  the  delivery 
tube  had  not  been  widened  by  the  funnel,  it  would  soon  have  become 
clogged  and  an  accident  would  have  followed.  Filter  the  fluosilicic 
acid  from  the  precipitated  silicic  acid  and  test  the  reaction  of  the  solution 
toward  litmus;  add  just  enough  potassium  hydroxide  solution  to 
neutralize  the  fluosilicic  acid  and  then  allow  to  stand,  insoluble 
potassium  fluosilicate  will  separate. 

The  elements  which  follow  silicon  in  the  text  are  nearly  all  of  a  metal- 
lic nature,  and  none  of  the  experiments  which  will  fix  their  character 
in  the  mind  of  the  pupil  will  present  any  practical  difficulty.  It  is 
better,  therefore,  for  the  teacher  to  select  such  experiments  as  he  deems 
proper  from  the  text,  indeed,  it  often  seems  advisable  to  study  some  of 
the  chemical  relations  of  the  metals  in  the  laboratorjr  by  the  methods 
of  qualitative  analysis,  while,  at  the  same  time,  becoming  familiar  with 
the  more  general  aspect  of  the  chemistry  of  those  elements  by  following 
the  text  book  on  general  chemistry;  the  small  manuals  containing  di- 
rections for  qualitative  analysis  are,  however,  so  numerous  that  it  seems 
unnecessary  to  add  a  list  of  experiments,  which  practically  cover  the 
same  ground,  to  a  text  book  of  general  chemistry. 

*  Use  so-called  high  melting  paraffine. 
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Acetylene,  269. 

Acid,  bromic,  125;  carbamic.  287;  chloraurlc, 
387;  chloric.  120;  chlorplatlaic,  465;  chlor- 
ous, 122;  chromic,  423;  cyanic,  286;  disl- 
licic,  296;  disulphurlc,  150;  dlthlonlc,  151; 
ferric,  456;  fluoborlc,  318;  fluosilidc,  291; 
hydrocyanic,  284;  hypobromous,  124; 
hypochlorous,  117:  hyponitrous,  201;  Iodic, 
128;  l80cyanlc,286:  metaarsenic,232;  meta- 
boric,  319;  metaphosphoric.  217,  218,  219; 
metasilicic,  293;  metastannic,  306;  nitric, 
194  to  198;  nitrous,  200;  orthoarsenic,  232, 
orthoborlc,  818;  orthophosphoric,  217,  218, 
219;  pentathlonic,  151;  perchloric,  120; 
periodic,  128;  permanRanic,  440;  phos- 
phorous, 215,  216,  217;  plumbic,  312; 
pyrophosphoric,2l8;  selenlc.  156;  selenlous, 
155;  silicic,  soluble,  295;  slllcotungstic.430; 
stannic,  306;  sulphuric,  141  to  150;  telluric, 
156;  tellurous,  156;  tetraborlc.  319;  tetrath- 
ionic,  151;  thiosulphuric,  160;  trlthlocar- 
bonic.  281;  trlthlonlc,  151;  acid  chlorides 
of  sulphur.  152. 

Acids,  29,  71,  173,  291;  affinity  of  for  bases, 
138.  360;  antimonous,  244;  antimonic,  245; 
avidity  of.  138;  comparatiye  strength  of, 
139:  heat  of  neutralization  of,  139, 362,  meta 
and  ortho,  217;  molybdic,  428;  nomen- 
clature of,  136;  nnmoer  of  replaceable 
hydrogen  atoms  in,  131;  silicic,  218;  sul- 
phuric, hydrated,  141,  147,  149;  sulphar- 
senic,  236;  sulpharsenious,  235;  vanadlc, 
416. 

Acidum  phosphoricum  glaciale,  219. 

Affinity,  chemical,  9, 10. 

Alkali  metals,  358:  carbonates  of,  367;  com- 
parative table  of  compounds  of,  370;  hali- 
desof,  366;  hydroxides  of.  359,  360;  oxides 
of,  360;  properties  of,  359;  sulphides  of, 
366. 

Alkali  metals,  table  of  physical  constants  of, 

399. 

Alkaline  earths,  389;  arsenates  of,  397;  car- 
bonates of,  393;  chlorides  of,  392;  compari- 
son of  members  of,  389;  nitrates  of,  397; 
oxides  and  hydroxides  of,  390,  391 ;  phos- 
phates of,  395;  sulphates  of,  394. 

Allotropism,  46. 

Alloys,  239. 240. 

Alumlnates,  328. 

Alum,  327. 

Alumiuuim,  chloride,  323;  halldes  of,  323; 
hydroxide.  326;  occurrence  of,  321;  pre- 
paration of,  322:  properties  of,  322;  sili- 
cates, 327;  sulphide,  .320;  trioxlde,  325. 

Amalgams,  240,  404. 

Ammonia,  176  to  181,  heat  of  formation  of, 
62;  occurrence  In  atmosphere,  165. 

Ammouia-soda  process,  369. 

Ammonium,  salts  of,  182, 184. 

Anatas.  414.  . 

Angleslte,  309, 385.        '^ 

Anhydrides,  12, 23,  110. 

Anhydrite,  395. 


Antimony,  alloys  of,  241;  compounds  with 
halogenes.  242;  compounds  with  oxygen, 
244;  preparation,  properties  and  occur- 
rence of,  238;  sulphides  of,  245. 

Apatite,  203, 296. 

Aqua  f ortis,  194. 

Aqua  regia.  194. 

Argentlte,  377. 

Arragonite,  393. 

Arsenic,  acids,  nomenclature  of,  218;  detec> 
tion  of,  226, 231 ;  halldes  of,  228;  occurrence, 
properties  and  preparation  of.  224, 225, 226; 
pentasulphlde,  235;  pentoxlde,  231;  sul- 
phides. 234:  table  of  oxides,  halldes  and 
sulphides  of,  237;  trioxlde,  229;  trichloride,. 
228;  trisulphlde,  234;  white,  see  arsenic 
trioxlde. 

Arsenlous  oxide,  see  arsenic  trioxlde. 

Arsenites,  231. 

Arsenopyrite,  224. 

Arsine,  226. 

Atmosphere,  161:  composition  of,  161;  depttk 
of,  168;  impurities  in.  161;  pressure  of,  166; 
specific  gravity  of,  169. 

Atomic  theory,  1, 4, 5. 

Atonic  volumes,  influence  of  on  character  of 
elements,  352. 

Atomic  weight,  4. 69, 334, 335. 

Atomic  weights,  standard  of,  6;  table  of,  7. 

Auric  chloride,  387. 

Avogadro's  hypothesis,  66, 67, 335, 336, 346. 

Azoimlde,  185. 

Barite.  396. 

Barium,  properties  of,  390;  superoxide,  391. 

Barometer,  166. 

Barytocelestlne,  396. 

Bases,  12, 23  29, 72. 173,  360;  heat  of  neutral- 
ization of,  361,  362,  363;  neutralization  of 

360. 

Basic  nitrate  of  bismuth,  260. 

Basil  Valentine,  63. 

Beauxite,  321,327. 

Berthollet,  115. 

Beryll.  296. 

Beryllium.  390. 

fierzellus,  13, 334. 

Blsmite,  247. 

Bismuth,  alloys  of,  248;  halldes*  of,  248;: 
hydroxides  of,  249,  250;  occurrence,  pre- 
paration and  properties  of,  247, 248;  oxides- 
of,  249, 251 :  sulphides  of,  251. 

Blsmuthlnlte,  247. 

Black.  2. 

Black  lead,  see  graphite. 

Borax,  316, 319. 

Borocalclte,  316. 

Boron  family,  elements  of,  314;  compounds 
of,  315. 

Boron,  halldes  of,  317;  hydride,  317;  nitride 
320;    occurrence  and  properties  of,  316; 
sulphide,  320;  trichloride,  317;  trifluoride^ 
318;  trioxlde,  318. 

Braunlte,  434. 

Bromate  of  potassium,  124. 
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Bromaurate  of  potassium,  388. 

Bromides,  formation  of,  78. 

Bromine,  hydrate,  79;  monochloride,  129; 
occurrence,  properties  and  preparation  of, 
74, 75:  oxyacids  of,  124. 

Broolcito,  414. 

Bunsen  burner,  272;  efEect  of  salts  on  flame 
of.  373. 

Butane,  267. 

Cadmium,  metallurgy,  properties,  alloys  of, 
401  to  404. 

Oalcite  group,  393. 

Oalcium,  properties  of.  390;  oxide,  391. 

Oalorael,  see  mercurous  ctiloride. 

Carbonate  of  cadmium,  406;  of  calcium,  258; 
of  calcium,  primary,  280;  of  sodium,  368; 
of  zinc,  406. 

Carbonates,  280;  primary,  280;  table  of  natu- 
rally occurring.  281. 

Carbon,  compounds  with  chlorine,  273;  com- 
pounds with  hydrogen,  263;  compounds 
with  nitrogen,  hydrogen  and  oxygen,  table 
of,  288;  dioxide,  in  atmosphere,  162,  163, 
164;  dioxide,  liquid,  279;  dioxide,  preparar 
tion  and  properties  of,  278, 279;  disulpnide, 
281;  monoxide,  275, 276;  occurrence  of,  258; 
oxides  of,  274;  percentage  in  fuels,  261; 
tetrabromide,274;  tetrachloride,  273;  tetra- 
lodide,  274. 

Carbon  family,  elements  of.  254;  compounds 
of.  255,  256.  257.  313. 

Carbonic  anhydride,  see  carbon  dioxide. 

Carbonylchloride,  277. 

Carnallite,  392. 

Cassiterite.  see  tin-stone. 

Catalysis,  19. 

Cavendish,  2,26, 35. 

Celestine.395. 

Cement,  Portland,  391. 

Cerium.  414. 

Cerussite.  309. 

Chalcocite,  376. 

Chalcopyrlte,  87, 332, 376, 447. 

Change.  chemicaU  4. 

Cbaptal.  159 

Oharcoal.  animal,  262;  wood,  261 

•Chemical  compounds,   formation    of,  101; 

stoichiometric  composition  of,  335. 
•Ohemism,  9. 
-Chlorates,  118,  119. 

Chlorate  of  polassium,  19,  118, 119. 
-Chloraurate  of  potassium,  388. 
-Chlorine,  bleaching  action  of,  62;  dioxide, 
122;  hydrate,  60;  liquid,  59;  monoxide,  115; 
occurrence,  preparation  and  properties  of, 
57,  58, 59.  60,61;  oxides  of,  113,114;  oxyacids 
of,  constitution,  123;  oxyacids.  nomencla- 
ture of,  113;  oxy-salts,  nomenclature  of, 
113;-tnoxide,  121. 

Chloride  of  ammonium,  vapor  density  of, 

183. 

•^Ohloride  of  cadmium,  406;  of  calcium,  392; 
of  silver,  383;  of  soduim,  367;  of  strontium, 
392*  of  zinc  405. 

</hlofide  of  sodium,  occurrence  in  atmos- 
phere, 165. 

•Chlorides,  formation  of,  61. 72. 

Chlorides  of  not-metals,  relation  to  periodic 
system  354. 

'Chloroform,  see  methine  chloride. 

•Chlorplatinamine  chloride  466. 

•Chlorplatindiamine  chloride,  467. 

•Chromates.  the.  424. 

<Cliromic  chloride,  422;  sulphate,  422. 

Chromite,  419. 


Chromium,  418, 420;  compounds,  prepantiOD 

of,  426;  oxides  of.  421;  trioxide,  423. 
Chromium,     molybdenum,    tunicsten    and 

uranium,  table  of  compounds  of,  432. 
Chromous  compounds,  426. 
Chrom  spinell.  419. 
Chromyl  chloride,  423. 
Cinnabar,  403. 
Clay,  see  kaolin. 

Coal,  261;  bituminous,  distillation  of,  iTT. 
Cobaltamines,  459. 
Cobalt  glance,  224. 
Cobaltlte,  446. 

Cobaltic  nitrite,  458,  oxide  468. 
Cobalt,  metallurgy  and  properties  of,  451. 
Cobaltous  chloride  457;  oxide,  457;  nltrste, 

458;  sulphide,  458. 
Coke,  261. 
Colloids,  294. 
Columbium,  417. 
Combustion.  21, 22. 

Conductor,  electric,  of  second  class,  345. 
Conservation  of  energy^  10 
Conservation  of  matter,  2, 14. 
Copper,  375;  occurrence,  metallurgy,  alloys 

of,  376;  oxides  of,  380;  sulphides  of ,  383. 
Copper,  silver,  gold,  properties  of.  379, 37ft 

table  comparing  compounds  of.  375. 388. 
Corrosive  sublimate,  see  mercuric  chloride- 
Corundum,  321. 
Courtois,  79. 
Crocolte,  419. ' 
Crookes,  332. 
Cryolite.  321. 
Crystalloids,  294. 
Cuprlc,  carbonates,  382,  chloride,  381;  nitrate, 

382;  oxide  and  hydroxide,  381;  sulphate, 

381;  sulphide,  383. 
Cuprite,  376. 
Cuprous  chloride,  380;  Iodide,  380. 881:  oxide. 

3o0. 

Cyanate  of  ammonium,  286. 

Cyanates.  286. 

Cyanides,  283.285. 

Cyanogen.  284. 

Dalton.  .Tohn.  4, 66.  334. 

Danaitp.  446. 

Davy,  Sir  Humphrey,  36, 57, 63,  250. 

De  Boisbaudran,  330. 

Decomposition,  double,  364. 

Deville.  321. 

Dew  point,  165 

Dialysis,  294, 

Diaspor,  321. 

Dlchromate  of  potassium.  424. 

Dlchromates.  the,  424. 

Diethyl,  see  butane. 

Dlmanganite  of  calcium-.  439. 

Dimethyl,  se^  ethane. 

Diamide.  see  hydrazine. 

Diamond,  258. 

Distillation.  43. 

Disulphldeof  iron, 457, 

Dolomite.  393. 

Double  halides.  nature  of,  291. 324. 

Dulong,  and  Petit.  338. 

Rhu  de  .Javelles,  115. 

Electrolytes,  345. 

Elements,  division  of,  11.  15.  number  of.  >• 

number  <if  atoms  In  moieoules  of.  *»; 

periodic  system  of.  347  to  857;  polyvaleDt. 

union  of,  104. 
Ekaboron,  357. 
Endothermic  reactions,  11. 
Energy,  chemical.  9, 10. 
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Suxenite,  413. 

Squatlons,  chemioal,  14, 89. 

Equivalent  weights,  344, 345. 

Etnane,  267. 

Ethylene,  268, 270. 

Exothermic  reactions,  11. 

Eahlore,  376. 

Faraday,  345, 

Peldspar,  see  ortboclase. 

Ferric  chloride,  455;  oxide,  454;  sulphate,  455; 
sulphide,  456. 

Ferrfcyanide  of  potassium,  285. 

Ferrites.  454. 

Ferrocyanlde  of  potassium,  285. 

Ferrous  carbonate,  453;  chloride,  452;  cya- 
nide, 285;  ferric  oxide«21,  456;  oxide,  452; 
sulphate,  452. 

Flame,  nature  of,  270, 271. 

Fluorine,  occurrence,  properties  and  pre- 
paration of,  54. 

Fluosilicate  of  potassium,  292. 

Formulae,  structural,  106. 

Franklinlte,  454. 

Fuels,  composition  of,  281 . 

Oadolinite.  413. 

Oalena,  87. 309. 

Galenlte.see  Galena. 

Galileo.  166. 

Oallium.  compounds  of,  330. 

Garnet,  296, 321. 

Gas  coal,  201. 

Gases,  calculations  to  standard  conditions, 
167. 

Gas,  illuminating,  composition  of,  270. 

Gas,  natural.  263. 

Gav  Lussac  and  Humboldt,  36, 64, 6G. 

Gel>er,  194. 

Germanium,  compounds  with  halogen es. 299; 
occurrence  of,  298;  oxides  of,  299,  300;  suU 
phides  of.  300. 

Gersdorflte,  446. 

Glass.  397. 

Gold.  375;  chlorides  of.  387;  compounds  of, 
386;  occurrence,  metallurgy  and  alloys  of, 
K78. 

Graphite,  259.  260. 

Greenonkite.  403. 

Guanldine.  287. 

Gypsum,  87.  395. 

Halogene  and  nitrogen  families,  acids  of, 
comparative  table  of,  201 . 

Halogene  compounds.  t>  pes  of.  103. 

Halogenes,  comparison  of.  52.  82,  83;  com- 
pounds witii  each  other,  129;  oxy-acids  of, 
table.  129. 
Hausmannite,  434. 
Hematite,  446. 

Humboldt,  see  Gay-Lussac. 
Hydrargylllte,  321. 
Hydrazine,  185. 
Hydrocarbons.  263,  268. 269. 
Hvdrogen,  antinionlde,  seestlbine;  bromide, 
76.77,  78;  chloride,  62,  63.  64.  70;  chloride, 
electrolysis  of,  64;  combustion  of,  33;  com- 
pounds, relation  in  valence   to  chlorine 
compounds.  354;   compounds  of   carbon, 
nitrogen,  oxygen  and  halogene  families, 
table  of.  2'5;  cnmpoimds  of  nlrroijen  and 
phosphorus,  table  or.  210;  coin  pounds  of 
not-raetals,  chemical  nature  of,  172;  com- 
pounds of  notmetals.  reactions   of.  173; 
compounds,  types  of:  101;  dioxide.  49,  50, 
51 ;  discovery  of,  26;  diffusion  of.  32:  fluor- 
ide. 54.55.  56;  in  fixed  stars.  26;  iodide,  79, 
81, 82;  occlusion  of.  32;  phosphide,  liquid. 


209;  phosphide,  solid,  210;  occurrence,  pre- 
paration and  properties  of,  26,  27.  28, 30; 
phosphide,  see  pnosphine;  selenide,  98; 
silicide,  290;  sulphide,  92.  93,  94,  96;  sul- 
phide, heat  of  formation  of,  02;  tellurlde, 
99. 

Hydroxides,  28, 43. 73,^49. 

Hyperoxides,  24. 312. 

Hypobromite  of  potassium,  121. 

Hypochlorites,  bleaching  action  of,  116;  de- 
composition of  by  acids,  116. 

Hypocnlorite  of  calcium,  116,  397;  of  potas- 
sium, 116 

Uyponitrite  of  potassium.  201;  of  silver,  201. 

Hyposulphite  of  sodium.  150. 

Indium,  compounds  of,  331. 

lodate  of  potassium,  128, 

Iodine,  occurrence,  properties  and  prepara- 
tion of,  79.  80;  monobromide.  129;  mouoch- 
loride,  129;  oxy-acids  of,  126;  pentafluoride, 
129;  pentoxide,  127;  trichloride,  129. 

lodoaurate  of  potassium,  388. 

Iridium,  462. 

Iron,  cobalt,  nickel,  relation  to  periodic 
system,  444;  table  of  compounds  of,  460. 

Iron,  metallurgy  of  447;  occurrence,  pro- 
perties, alloys  of  445,  449.  4.51;  pig,  448; 
pyrites,  87,  88,  .^32, 446;  wrought.  448. 

Isocyanides,  283. 

Kaolin,  297,  321,  327. 

Kelp,  79. 

Kindling  temperature,  21,22. 

Lamp  black,  262, 

hantnanum,  413. 

Laughing  gas,  see  nitrous  oxide. 

Lavoisier,  2,  14,  26,  3.\  278. 

Law  of  definite  proportions,  the,  3,  5,  334;  of 
Dulong  and  Tetit,  338,  340,  341 ;  of  isomor- 
phism, use  of  in  determining  atomic 
weight**.  34';  of  multiple  proportions,  3, 
5;  of  volumes  of  uniting  gases,  65,  335; 
Lazurlte,  376. 

Lead,  dioxide:   312:  isomorphism  of  salts  of. 
312:   monoxide.  311:  occurrence    prepara- 
tion and  properties  of,  309;   salts  of.  311:     . 
sesquioxide,  312;   suboxide.  312;  sulphide. 
313. 

I^  Blanc,  368. 

Leucite,  296. 

Light,  chemical  action  of,  385. 

I^ignite  261. 

Lime,  quick,  391:  slaked,  391. 

Liquor  ammonia  178. 

Lltnarge.  311. 

Lithium  light.  373. 

Magnesite,  393. 

Magnetite.  446. 

Magnesium,  properties  of,  390. 

Malachite,  376. 

Manganates,  440. 

Manganese  dioxide,  58.  43^:  properties  of, 
434.  relation  of  compounds  to  other  ele- 
ments. 442;  relation  to  the  periodic  system, 
433. 

Manganic  oxide,  436;  chloride.  437;  sulphate, 
437. 

Manganlte.  434, 

Manganites.  439. 

MaiiKaiious.  carbonate,  436:  chloride,  435; 
manganic  oxide.  437;  oxide.  435;  sulphate, 
436:  sulphide.  436. 

Marsh  gas.  see  methane. 

Mayer  10. 

Mass  action. 363«  364. 

Melaconite,  376. 


